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The thesis includes an account of the development of the 
modern conception of the causes of optical activity and 
optical rotatory dispersion.
The optical rotatory dispersions of glycide phenyl ether 
and of sec.octyl phenyl ether, in the homogeneous state, 
have been examined in the visible and ultra-violet regions 
of the spectrum.. The optical rotatory dispersion of 
glycide phenyl ether has also been examined in some 
fourteen solvents in the visible region, and in ethereal 
solution in the ultra-violet region.
It is suggested that the effect of temperature on the 
rotatory dispersion of glycide phenyl ether, both in the 
homogeneous state and in solution in n-butyl ether, may be 
due to its existence in the form of a cyclic structure 
which is readily destroyed on raising the temperature.
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1Introduction
In 1690 Huygens published his "Treatise on Light", in which 
he drew attention to the double refraction of Iceland Spar, 
and also spoke of a property of light called "disposition" 
or "direction". This property was further investigated by 
Malus who used a heliostat, with a solar source to direct 
a beam of light in the meridian, so that it fell on the first 
mirror of his apparatus, which had its normal in the meridian 
and pointed slightly downward.
Beam in the meridian
When the second mirror faced east or west, no light was 
transmitted, whilst the maximum amount of light was transmitted 
when the mirror was turned toward the poles. Malus described 
as Polarisation "the modification which gives to the light its 
properties relatively to these poles". The plane of the 
meridian in Malus* experiment came to be called the "plane of 
polarisation"; Fresnel^) showed by interference experiments 
that the vibrations of light were transverse to the direction 
of propagation and that the vibration of a plane polarised beam 
was perpendicular to its plane of polarisation.
axis of rotation
The meridian is
in the plane of
the paper.
In 1811 Arago^3) observed the colour effects produced when 
plates of mica, gypsum, and quartz were examined in a 
polarising system. B i o t ^  investigated this phenomenon 
more thoroughly and differentiated between the rotation 
of the plane of polarisation of the polarised light by the 
medium, which he called rotatory polarisation, and the 
inequality of this rotation for different wavelengths, 
which he termed rotatory dispersion. Biot also showed that, 
within the accuracy of his experiments, the expression:-
06 = -£■ (i)
well Represented the form of the rotatory dispersion of the 
substances he investigated. This expression is the 
mathematical form of what is known as Biot’s Law of Inverse 
Squares. Twenty years later he observed the first exception 
to the rule when he was examining the rotatory dispersion 
of aqueous solutions of tartaric acid. This was thus the 
first case of "anomalous dispersion" to be observed, this 
being the name given to dispersions in which the rotation 
of the plane of polarisation does not increase as the 
wavelength of the light decreases. At about this time Biot 
also observed the "inversion" of cane sugar, whilst some 
years previously he had observed that equal thicknesses of 
laevo and dextro quartz, when examined in a polarising 
system , showed no rotatory power if placed in series.
Biot defined the "Specific Rotatory Power" & 0  of a substance,
as:- [olJ « qL or for solutions (2)
Q.A.
21
3where o£ * observed rotation of the plane of polarisation 
in degrees.
£ * length of the column of optically active medium 
traversed (in decimetres).
3- a* density of liquid.
t m fraction by wAight of optically active solute.
The "Molecular Rotatory Power" of a compound is now defined
as:- in] * M M / 1 0 0  (3)
where M « the molecular weight of the optically active 
substance.
Thus# by the time of his death in 1862# Biot had truly laid 
the foundations for the development of the later work on 
optical activity. Unfortunately soon after his death the 
study of rotatory dispersion was largely abandoned in 
favour of experiments with monochromatic light, which had 
been made so easily available by the invention of the 
Bunsen burner. Thus the increased accuracy in the measurement 
of rotatory dispersion# made possible by the polarimeter of 
Fizeau and Foucault^5)# in which the wavelengths of the 
extinctions were those of the Fraunhofer lines of the solar 
spectrum, was not fully utilised.
Biot divided optically active substances into two classes; 
those in which the rotatory dispersion obeyed his Law of 
Inverse Squares# and those in which it did not. In 1663 
the empirical relation of Biot was modified by von Lang(6 ) to:-
« A  + 3 A V (*)
in order to embrace the more accurate measurements obtained 
with the Fizeau polarimeter, and on theoretical grounds 
Boltzmann^7) introduced a further modification :-
4oC k  B/\v + 0/X* etc. (5)
to comply with the theoretical requirement of zero rotatory 
power at infinite wavelength*
The most important step forward in the study of 
optical rotatory dispersion after the time of Biot, was made 
by Drude^8) in 1900, with the introduction of the relation:-
oL , £  (6)
Though this relation was based on theoretical reasoning 
which has since, been shown , by W.Kuhn^9), to be unsound, 
the work of T . M . L o w r y s h o w e d  that it was in good agreement 
with the results obtained in the study of the rotatory 
dispersion of organic compounds in the visible and ultra­
violet regions of the spectrum. Moreover, a detailed study 
of the rotatory dispersion of quartz from 32,100 A to 2263 A 
by Lowry (et al.)^11^, and by Ducleaux and Jeanet^12\  
established the validity of the Drude equation in this case, 
Lowry was sufficiently satisfied with the accuracy of the 
work involved in his study, to suggest that the rotatory 
power of quartz for a given wavelength might provide an 
accurate wavelength standard. Lowry was able to show that 
the majority of substances required only one, or two, terms 
of the Drude equation to represent their rotatory dispersion, 
though in the case of quartz the great accuracy of the 
measurements made a further t e m  necessary.
Kenyon and Pickard^3), who began their researches into the 
optical properties of the secondary alcohols, about the same
5time, were the first to make optically active molecules of 
simple constitution readily available. Simplicity of 
constitution is desirable in the study of rotatory dispersion, 
since only molecules with a simple constitution are suitable 
for an attempt to relate the physicists,and the chemist's 
conception of the phenomena involved.
Much of the recent work in the field of optical activity 
has been concerned, more with its application as an experimental 
method, in the study of other problems, than with a further 
understanding of the phenomenon itself.
Having briefly described the results obtained from an 
examination of certain substances in a polarising system, it 
is desirable to consider what may be the theoretical basis 
for such results.
The study of the mechanism,by which optical activity 
is produced in certain substances, resolves itself broadly 
into two channels, which can, and have been, studied quite 
separately.
(1) There appear to be certain structural conditions which 
may give rise to optical activity. The study of these 
structural conditions has been mainly the work of 
organic chemists.
(2) The way in which these conditions influence polarised 
light, so as to produce optical activity, provides the
second line of advance towards a complete understanding of 
the problem. The progress made in this field, which is in 
the sphere of mathematical physics, has been much slower
owing to its great complexity; but it may be expected that 
the elucidation of the mechanism of interaction of light 
with the molecule of the optically active compound, will 
bring with it a further understanding of the structural 
conditions required for optical activity.
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It is proposed to give separate short accounts of the 
development in these two fields.
7I The Structural Conditions Necessary for Optical Activity
The work of Hauy and Herschel^14) showed that the optical 
activity of quartz could he related to a certain lack of 
symmetry in quartz crystals. P a s t e u r f o u n d  that 
tartaric acids,which rotated the plane of polarisation of
polarised light to the left, yielded crystals which were
#»
mirror images of those which were obtained from acids 
which rotated it to the right. These crystals were non- 
8uperposable. Such properties are only possible when the 
crystals contain neither a plane nor a centre of symmetry. 
Crystals which lack both a plane and a centre of symmetry, 
are said to be "dissymmetric"• This term is used in 
contradistinction to the term "asymmetric", which means 
lacking in all symmetry.
Pasteur, who was a pupil of Biot, was the first
to prepare optically active compounds artificially,
■ %
originating all the main methods of resolution at present
in use. Figures which are two-dimensional have a plane of
symmetry, so that it was clear from the first, that molecules
showing optical activity must toe three-dimensional. Pasteur
tetrahedral
suggested that,an irregularAarrangement of the groups around 
a carbon a tom,might be the requirement for optical activity 
in organic molecules. The general principles governing 
optical activity were summaried by Le B e l i n  1874, and 
in the same year by van*t H o f f ^ 7  ^ independently. Van*t Hoff 
suggested that the lack of symmetry could either be , in the
6molecule, or in the case of solid substances in the crystal 
itself.
(14)
The work of Pope, and his collaborators , was mainly 
concerned with the proof of the ideas of van't Hoff and 
Le Bel, and in showing that they applied to asymmetric atoms, 
other than carbon. The method of resolution provided a ready 
way of distinguishing between a planar, and a non-planar 
arrangement of four or more atoms.
Pope also showed that, the "second case of optical activity",
postulated by van't Hoff could be practically realised.
Van't Hoff described as his "second case of optical activity"?
derivatives of the allene type, which are dissymmetric, i.e.
contain neither a plane nor a centre of symmetry, but also
contain no asymmetric centre. Lapworth and Wechsler^14)
failed to resolve an allene derivative in 1910, but in 1909
Pope, Perkin and Wallach^18  ^ resolved a substance of similar
type, namely l-methylcyclohexylidene-4-aeetic acid (I):- 
„ C H X _  ( I )
It can be seen from the diagram that, though there is no 
actual asymmetric atom, the molecule, as a whole, lacks both 
a plane, and a centre of symmetry.
In 1936 Mills and Maitland^19  ^ finally obtained an 
optically active compound (II) of the allene type,
C4\  = c c < ^ 5 <»>
by dissymmetric dehydration of the alcohol (III) with d-camphor
I9
5^ v G* ”"5 t *
- s u l p h o n i c  acid. c — C — oi (XXX)
ol ^ OvV
Another allene derivative, similar to that which Lapworth
(20
failed to resolve, was resolved by Kohler and Whitcher in 1940 •
Finally it was shown that dissymmetry could be induced in a 
molecule by the presence therein of groups which restrict 
rotation about single bonds. 66* Dinitro-diphenic acid (IV)
was resolved by Christie and Kenner in 1922^
HOOC
s<ooit
Kenner (et al.) favoured formula (V) for
(22)
/ X
X /
ifto
\oo «
/
X >1
(V)
their compound, but Turner and Le Fevre 
showed that formula (IV) was the correct one, their work was
confirmed by dipole measurements of substances of the type
(95)
x#c6H4*G6h4*X 0X1(1 x -c6h4 *x • A similar formula was proposed, 
for compounds of this type, by Bell and Kenyon^2^ ,  and by
W.H.Mills^84^. Some years later Turner and Lesslie^25  ^ were
able to demonstrate optical activity in 22* diphenyl-disulphonic 
acid (VI), thus showing that a hydrogen atom was sufficient to 
provide restricted rotation, if the ortho substituent in the
nucleus were large enough.    v
_ y  (VI) >
Mills and his collaborators proceeded to the preparation of 
optically active forms of compounds, of other than the diphenyl 
type, which showed restricted rotation, notably - 
o-(isopropyl-dimethylvinyl)phenyltrimethyl-ammonium iodide (VII)
10
1 (VIJ)
Recent data on the energy barriers in the ethane molecule^27), 
suggest that the aliphatic 0 -0 bond may be subject to steric 
hindrance (the energy barrier for ethane is c. 3000 cals/mole) , 
therefore substances such as ethylene dichloride should be 
capable of resolution at low temperatures, were the means 
available. Such isomerism was first suggested by Paterno^6) 
in 1869. Debye^29) has demonstrated the existence of 
cis-trans isomerism in the vapour of ethylene dichloride.
Oases are known,in which the energy barriers are lower than, 
those which normally allow the resolution of isomers, so that 
only one form is isolable by the normal means of resolution 
(the substance then being said to undergo a "second-order 
asymmetric transformation"(30)); or alternatively the activity 
of the substance may be limited to a preponderance of one 
diastereoisomer over the other, when the substance and its 
resolving agent are combined in solution (in this case the 
substance is said to undergo a "first-order asymmetric 
transformation^30)")
A first-order asymmetric transformation refers only to the 
attainment of an equilibrium in solution, whilst the 
second-order transformation results when the rate of 
interconversion of the isomers exceeds that of crystallisation, 
one diastereoisomer having a lower energy in the crystalline 
state than the other^3^} In either case if the optical
11
stability of the substance is increased by the lowering of 
the temperature, resolution in the normal way may be possible* 
The optical stability of a substance such as ethylene 
dichloride, would however be much less than that of those 
substances in which first and second-order transformations 
have been demonstrated*
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II The Interaction of Polarised Light with Optically Active
Substances
The work of Biot stimulated the interest of Presnel, who
produced a kinetic interpretation of the phenomena of
optical activity.
(32)Presnel showed that the behaviour of optically active 
substances in plane polarised light, could be explained on 
the assumption that, the light was analysed by them into two
circularly polarised beams, of the same amplitude and phase,
*
but of opposite sense and different velocity. Further if the 
two beams were differentially absorbed, then circular 
dichroism would occur, and the emergent light would be 
elliptically polarised.
If the velocity of the two beams is different, then their
(9)
refractive indices must also be different, though W.Kuhn 
has shown that this difference , even for a substance with 
a high rotatory power, is of the order of one part in a 
million.
Fresnel suggested that crystals which showed optical activity, 
might have a spiral structure, so that circularly polarised 
light of like hand,would pass through more readily than that 
of opposite hand, thus accounting for the difference in the 
Telocity of the two beams. Fresnel's ideas of the structure 
of quartz were verified by the X-ray diffraction studies of 
W.H.Bragg^33  ^ some hundred years later.
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MOLECULAR THEORIES OF OPTICAL ROTATORY POWER
Fresnel had been able to explain satisfactorily the rotatory 
power of crystals, but it was not so easy to explain the 
rotation of the plane of polarisation by substances in 
solution* It was assumed that the activity of the molecule 
was connected with the fact that, looking along any one bond 
of an asymmetric carbon atom , the three other bonded groups 
will appear in a different sequence in the left and right 
handed isomers.
It was natural therefore,that an attempt should be made to
deduce the rotatory power of a substance , by arranging the
various radicals, bonded to the asymmetric carbon atom, in
the order of their masses or volumes. Crum Brown and G u y e ^ 4)
suggested that the rotatory power would be proportional to the
product of the * differences, between the masses’* of the four
groups surrounding the asymmetric atom. This idea was short
lived since Walden^34) in 1895 showed that substances , in
which two of the groups were identical as to mass , but
differed in structure, and in which the other two groups
were different, can exhibit optical activity.
The later theories of de Malleraan^35^, and Boys^36  ^ embodied
the idea of differences in volumes. De Malleman calculated
the optical rotatory power from the polarisabilities of the
different radicals(i.e. terms with the dimensions of volume),
assuming that the radicals were isotropic spheres which did
not react with one another. His calculations were therefore 
limited to molecules of the type OHOlBrI, for which he
o b t a i n e d * t 3.2 ° 9 which figure appears to be of the correct 
order of magnitude, though it has not been experimentally 
verified*
In 1934 Boys^36) advanced a theory rather similar to that 
which de Malleman first put forward, except that he assumed 
direct interaction between the four groups R3R2R3R4 in the 
molecule 0 R1R 2R3R4 • Boys was able to calculate the 
rotatory powers of some simple molecules from his theory, 
which were of the right order of magnitude, but he also was 
forced to assume that the four radicals were isotropic spheres, 
in order to simplify the calculation. This assumption may be 
justifiable in the case of the halogens and isosteric radicals, 
though the highly polarisable nature of the halogen atoms is 
against it, but it is clearly not valid in other cases*
ELECTRONIC THEORIES OF OPTICAL ROTATORY POWER
The theories outlined above have been classified as molecular 
theories of optical rotatory power, to differentiate them 
from the electronic theories developed by Drude^8), Born^37,38), 
Kuhl/39) and others. These theories do not treat with the 
properties of an individual molecule, but with the substance 
aB a medium. Drude obtained his equation for optical rotatory 
dispersion by modifying those(14) of Maxwell, Sellmier,
Kettler and Helmholtz for refractive dispersion, introducing 
the concept of a spiral vibrator to account for the rotation 
of the plane of polarisation. Kuhn^9) has pointed out that,
14
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Drude1 s model was optically inactive; M s  equation does not 
however correspond to M s  model, and all equations w M c h  
have subsequently been advanced, on an improved theoretical 
basis, can be reduced to that of Drude.
In the development of equations for optical rotatory power 
on the electronic basis , as on the molecular basis, there 
are in each case two stages : firstly, the model is 
conceived, and the rotatory power calculated in terns of this 
model; secondly, the model has to be related to some 
experimentally determinable parameters, and it is at t M s  
stage that the difficultides usually arise.
With one exception , the later theories of optical rotatory 
power all depend on the idea of coupled oscillators, 
introduced independently about 1915 by Born^3*7), Oseen^40  ^
and Gray^41A
The basic assumptions of these theories are:-
(1) Each part of the molecule is considered as a discrete 
unit.
(2) Each of these units is attached more or less rigidly 
to all the others.
(3) Each part becomes polarised under the influence of an 
electric field(usually the electric vector of the light 
wave)•
(4) The polarised u M t s  exert a field w M c h  interacts with 
the other units.
Thus the state of any part of the molecule is the resultant of
(a) the external field, and (b) the field due to other parts
of the molecule. These interdependent units are said to be
16
'cowled", In analogy with the coupling between mechanical
oscillator*. The theory of Toy*, and a revised theory of 
da SSallemsn also included the idea of coupling in their 
basic assumptione, hut this ws.e vitiated by the simplifications
unit of the molecule «e a charged particle which can move 
a email distr.nce from its equilibrium position under th© 
influence of an electric field, this movement being opposed 
by a force which is a linear function of the displacement of 
all the particles. In this way the idea of coupling is 
introduced msthematically. Ion* showed that at least four 
coupled ieotrenic non-planar vibrators were required to produce 
optical activity. In I c m *  a theory uncoupled electrons do 
not influence the optical rotation. This early theory wa© 
based on molecular constants rhlch are not experimentally 
determinable, but it was later modified ao thst it 
was applicable to a model similar to that of Foyts, and 
an equation was deduced for the rotation X of this simplified 
model( Figure 1), entirely in tern© of parameters, the values 
of which are known or mny be readily estimated:-
introduced to ease the calculation. Born'3*^ treats each
where x * rotation in decrees per decimetre 
p  m  v e r i t y  o f  m e d i u  
^ m its refractive index 
II m the molecular weight 
1 m the distance between the two halves
of s pair of oscillators in A.0. 
d m distance between the two lines
Joining the resonator pair® (in A.0.)
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are the characteristic wavelengths of vibrators A 4b B 
V, Vv are the strengths of the vibrators A A B.
Born’s model , like those of the molecular theories, gives the
correet order of magnitude, but, as Lowry( )  has pointed
out, several off the parameters are merely guesses, so that
no exact result is to be expected, especially as the result
depends on the eighth power of the distance "I*.
The theory advanced by Werner Kuhn^39*9) in 1929
was the first to apply the idea of coupled oscillators to
a simple molecule suitable for practical application. Kuhnfs
model consisted of two anisotropic linear oscillators, at
right angles and separated by a distance. The combination of
the two vectors may reproduce the spiral form of Drude, and ,
as Born has pointed out , Kuhn#s model is very similar to that
of Drude in that it depends on one constant only, in the one
case the separation of the resonators, in the other the pitch
of the helix, neither corresponding to the ordinary active
molecule. Kuhn* 8 theory has however had considerable influence
on all subsequent theories, since it was the first to show how
the necessary simplifications could be made to the coupled
♦
oscillator theory so as to make it suitable for practical 
application. Kuhn’s equation was also an improvement on 
that of Drude when applied in the region of absorption.
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Equations Derived from Quantum Mechanical Considerations
The basic quantum mechanical calculations were made by 
Rosenveld^4^  in 1928 and a little later by Born and J o r d a n ^ 3) 
B o m  has shown that, while the basic problem of optical 
activity is a quantum mechanical one, the rotation effect 
1b,in fact,due to the same set of virtual oscillators as 
those which determine the dispersion , and that this enables 
the problem to be treated on the basis of classical mechanics, 
with the rotation effect due to a set of harmonic oscillators 
coupled by electric and magnetic forces. It was in the light 
of this work that the later theory of B o m  (above) was 
developed. The fundamental equation of the quantum mechanical 
theory may be written:-
[M] - 96JTK . n8 >2 £ f al < Rti8l 2 (8)
hc 3 ai M  y  2 L ' V S
biai
or
[M] = aggTpn . p  ( 9 )
where N = Avogadro's Number n * refractive index of medium 
c * velocity of light h * Plank's constant 
pai * the probability that the molecule exists in a given 
electronic state corresponding to no rotation, 
bi = the electronic state responsible for the rotation 
v* i-ui * the frequency corresponding to the change from the 
state "ai" to the excited state "bi"
®biai (a complex function) is the rotatory strength of 
the transition "ai —  birt.
this equation (8) is of the form:- M , n2+2 < A (10)
xv-x/
and if the factor (n +2)/3 is assumed to be constant, as is 
usually the case
P.T.O.
19
in the visible region, then the Drude equation results. The 
difficulty in applying this equation is due to the difficulty 
of assessing the complex function R^iai •
Condon^44) has obtained an expression for the optical activity 
of the Kuhn model, which is somewhat simpler than that used 
by Kuhn himself.
Kirkwood^43' has applied the above equation (8) to a model 
based on the polarisabilities of the different groups. The 
theory of Kirkwood has the same defect as the other 
polarisability theories, namely that the wavelengths used in 
this method of calculation are those of the main absorption 
bands of the groups, which, in fact, are not so active as the 
weak absorbtion bands which these theories do not consider.
Recently, Condon^46) has developed a theory of optical 
activity based on the behaviour of one electron in an 
anisotropic field, the equipotential surface corresponding 
to this field being a triaxial ellipsoid, which has been given 
a twist about one of its axes. This figure has the element 
of"spiralityM common to the other electronic theories. 
Calculations based on this model can also yield results of the 
right order of magnitude. It is interesting to note that, on 
the basis of this model, Condon^46) confirmed the finding of 
Born, that the residual rotation of the molecule may be 
accounted for on the principles of classical mechanics alone.
20
OPTICAL ROTATORY DISPERSION
80 far as the fundamental theory is concerned, rotatory 
dispersion is inseparable from the theory of the origin of 
optical activity. It is however convenient to consider the 
form of the dispersion as a separate subject.
The early workers in the field of optical activity used the 
sun as their source of light, and were therefore forced to 
study the rotatory dispersion, through the visible spectrum, 
of the substances they investigated. But, as has been pointed 
out, the introduction of the Bunsen burner,as a convenient 
source of monochromatic light, caused a concentration on
t
accurate measurements at one wavelength only, so that very 
little work was done on optical rotatory dispersion, between 
the time of Biot, and about 1911 when Lowry, and Pickard and 
Kenyon, related their results to the Drude equation* Purther, 
as Lowry was the first to point out, optical rotatory 
dispersion work which relies solely on measurements in the 
visible region is generally of little fundamental value.
It is unfortunate therefore, that the apparatus for rotatory 
dispersion work in the ultra-violet region is so rarely 
available, and that the work is rendered so difficult , 
either by the tediousness of the methods, ots their lack of 
precision. (A short review of the methods available is given 
on page <02 ).
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In the study of the effects of temperature, solvents and 
substituents on the rotatory power of a substance, it is 
clearly of the utmost importance that the rotation and 
dispersion constants of the Drude equation should be determined 
in each case* So far as is known, no thorough investigation 
of temperature, solvents and substituents has been made for 
any compound. A glance at the mathematical working for the 
evaluation of the Drude equation,given in the Appendix, will 
suggest a possible reason for this. For the evaluation of an 
equation of more than one term a calculating machine is 
necessary, whilst for more than two terms the mathematical 
problems are considerable. No doubt with the increased 
availability of automatic calculating machines, interest in 
the form of rotatory dispersion curves may revive.
Biot was able to demonstrate his Law of Inverse 
Squares by plotting the reciprocal of the rotation of a given 
substance, against the square of the corresponding wavelength. 
This gave a straight line in all the cases he examined , 
except solutions of tartaric acid. This procedure also shows 
roughly whether a one term Drude equation will represent the 
dispersion under consideration, though a mathematical analysis 
may be necessary. The one-term Drude equation is written:-
■ — !S—  (ll)
v - \ «
where K * rotation constant
>£ a Dispersion constant corresponds to the
wavelength of the optically active absorbtion band.
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Lowry has shown that, in a large number of cases, only one 
term of the Drude equation is necessary to express the 
rotatory dispersion.
Biot distinguished between two types of rotatory dispersion, 
those which obeyed his Inverse Square Law and those which 
did not. Arndtsen in 1858 distinguished between those 
substances, in which the rotation increases with the 
refrangibility of the rays, and those in which it does not. 
These two classes of dispersion are now known as ’'normal" and 
"anomalous". More recently L o w r y h a s  defined normal 
dispersion as one in which:-
^  and remain constant in sign throughout the whole 
range of observation,
i.e. there must be
(1) No reversal of the sign of the rotation (cx = Q )
(2) No maximum ( * 0 )
(3) No point of inflexion ( 0 )
The inflexion, maximum and reversal of sign always follow 
each other in the same order, so that the presence of one 
is regarded as evidence of the existence of the other two. 
Since the above are the characteristics of all rotatory 
dispersions which may be represented by two terns of the 
equation , though in the region of observation none of the 
features may be present, Lowry concluded that it would be 
more suitable to classify dispersions as:-
(1) Simple Dispersion, which may be represented by one term
of the Drude equation.
(2) Complex Dispersion, requiring more than one term of the
A dispersion which is simple is of necessity normal, hut the 
converse does not necessarily hold.
It was originally assumed that normal dispersion was the
fundamental law. Biot was able to show, for example, that
the rotation of quartz could be compensated for all visible
wavelengths by a solution of cane sugar of suitable concentration
But he also found that 1-oil of turpentine and d-oil of lemon
do not compensate each other perfectly for all wavelengths,
either when mixed together, ob when placed end on end in
separate tubes.
( 4 8 )
Tschugaeff found that the rotatory dispersion of 1-menthyl 
d-camphorsulphonate had the properties which would be expected 
of a mixture of 1-menthyl alcohol and d-camphorsulphonic acid. 
This observation was of great importance since it showed 
that anomalous rotatory dispersion may be produced by the 
superposition of the partial rotations , produced by two 
asymmetric complexes contained within the molecule of the 
active body, provided that these partial rotations were of 
opposite sign and different dispersion.
Tschugaeff(49) aiso able to show1, that each chromophoric
group can make its own contribution to the rotatory power of 
the molecule. When this chromophoric is not near the centre 
of asymmetry, if it shows optical activity, the contribution 
is said to be the result of the"induced asymmetry of the 
ohromophore". Lowry found that the )C*0 group in
23
Drude equation fo r  i t s  representation .
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camphor was optically active as a result of induced "asymmetry"* 
(the term induced "dissymmetry" was later introduced^30) as 
corresponding better to the facts)*
This connection between the chromophoric group and optical 
activity had been demonstrated by Pickard and Hunter(31) in 
1923, who found that the dispersion constant of the equation (12) 
which represented the rotatory dispersion of d-y-nonyl nitrite#
IXJ *c Q. 76 + 0*43 (12)
V -0.135 V
yielded a wavelength, for the optically active absorption band,
within 50 A of that obtained from measurements of the
refractive dispersion, and also within the experimentally
determined absorption band* Unfortunately, in the majority
of cases, it is not possible to confirm the existence of
optically active absorption bands, since they mostly occur in
the Schumann region (below 2000 A). Experimental difficulties
for the determination of absorption in this region are
formidable (owing to absorption by the atmosphere) and until
the recent work of W. 0.Price, A.D.Walsh and R.S.Mulliken
practically no data were available for this region.
The Present Conception of Optical Rotatory Dispersion
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From the point of view of the organic chemist, the Drude 
equation may be considered as an empirical relation which 
is valuable in the correlation of the optical rotatory 
dispersion data. When bo considered the following points 
arise:-
(1) The denominator of the Drude equation contains constants 
which are wavelengths.
(2) When these wavelengths occur in an accessible region of
the spectrum, it has been found that they correspond to
the wavelengths of absorption bends in the molecule. The
rotatory strength or "activity" of an optically active
absorption band may be measured by its "dissymmetry factor",
»
"g", defined j- g«(e1 - ©r)/« t where e-^  , er and e are 
the molar extinction coefficients for left and right hand 
circularly polarised light and ordinary light respectively. 
(Kuhnv^*' describee the above as the "anisotropy factor").
(3) In the series of secondary alcohols, a remarkably constant 
"active" absorption band occurs at c. 1500 A, this is no 
doubt due to a combination of C-C, 0-H and C-OH absorption,
the bands of which all lie in the Schumann region.
*
(4) The frequency of an absorption band is a measure of the 
energy of the corresponding electronic transition. It is 
probable that all* electronic transitions are influenced
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to some extent by the dissymmetry of the molecule, and that 
the failure of some of these transitions to be represented by 
an active band in the Drude equation is due to:-
(a) Cancelling out by similar transitions of opposite sign 
and|/or
(b) A low dissymmetry factor (only applies to bands in the 
and Schumann region)
(c) Formation of one complex term by the combination
of more than one absorption band.
If examination of the rotatory dispersion in the region of 
the frequency of the transition shows no active band then 
this must be due to (a). The definite existance of an 
active band can only be established by examination in the 
region of absorption.
* In the older theories of Born and Kuhn a coupling force 
between the chromophoric electrons is required for the 
production of optical activity. Condon^44) has recently 
shown that this is not necessary, since a single electron
may produce optical activity when placed in a field of 
suitable dissymmetry.
(5) It seems probable that a molecule containing two formally 
asymmetric centres, each with an absorption wavelength in an 
accessible region of the spectrum, would show corresponding 
active bands in the Drude equation. In most of the cases 
so far examined the second term of the Drude equation is due 
to "induced dissymmetry" in a chromophore which iE not itself 
formally dissymmetric.(Kuhn^9 ), and Balfe and Kenyon^32) use 
the term "induced anisotropy").
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(6) Only rarely is it necessary to explain the complex 
rotatory dispersion of a substance in terms of an equilibrium 
mixture of two forms (A A B ) :
Liquid A Liquid B
jr
Solid A
such an equilibrium was first suggested by Amdtsen^33)to 
Axplain the anomalous dispersion of tartaric acid, in this 
particular case his hypothesis is supported by the work of 
Winter^54) on entropy changes in tartaric acid derivatives*
The experimental observations, outlined above, are in conformity 
with the conclusions drawn from the theoretical equations
(7)A(8) discussed in the previous section. It is interesting 
therefore to see what further conclusions may be drawn from 
the electronic theories of optical rotatory power.
If the equations for the rotatory power, and the 
models upon which they are based, are examined it would 
clearly be expected that all electronic transitions 
within the molecule would influence the optical activity to 
some extent. Also, it is to be expected that those electrons 
which are most loosely bound will be most affected by the 
general dissymmetry of the molecule. This applies to all 
loosely bound electrons, whether they take part in bond 
formation or not. Thus it would be expected that the 
electrons , which make up an ethylenic bond, will have a 
greater influence on the rotatory power of the molecule 
than those electrons which form a carbon-carbon single bond;
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this is in accord with experimental observation, and with the 
views of W.Kuhn^9), who suggests that, since observed 
rotations are generally low, and especially so when bands in 
the Schumann region alone are concerned, the bands which 
occur in this region must contribute relatively little to 
the rotatory power of the molecule.
Further, large and readily polarisable atoms such as the 
halogens should make a relatively large contribution to the 
rotatory power of the molecule, and the results of Levene and 
Rothen^35  ^ are in agreement with this (though those of W.Kuhn^58  ^
who worked with the same compound, 2-iodo8ctane are not).
The rotatory dispersion of a given compound will 
then be represented by a large number of terms of the type: 
A a i A 2 -X2i) i.e
f ^ a i u  
L 3 *— 2m 2
- X ®ait>v
As Kuhn has pointed out, the majority of these terms will be 
in the Schumann region, where there is a tendency for the 
various terms to cancel out, and in addition their 
dissymmetry factor "g" will be low since they correspond 
to the most tightly bound electrons. The number of groups 
in a molecule which have absorption bands in the photographic 
ultra-violet (chromophoric groups) are comparatively few, and 
there will thus be less tendency for their partial rotations 
to cancel out. In addition their dissymmetry factors are 
large due to the weak bonding. A classical example of this 
is tetra-acetyl/<-l-arabino8e(57) H(CH.OAc)4CHO , in which
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the partial rotations of the four asymmetric (OHOAc) groups 
cancel out, so that the resulting dispersion is simple with 
its characteristic frequency that of the absorption band of 
the aldehyde group.
The Drude equation deduced from the experimental curve is 
further simplified because absorption bands which lie d o s e  
together yield one composite band, unless the measurements 
are carried close to the region of absorption. Thus it is 
generally impossible to distinguish between the various bands 
which lie in the Schumann region by measurements in the 
visible and near ultra-violet regions. No doubt the constant 
absorption band at c. 1500 A deduced by Kenyon and Pickard^56) 
from the rotatory dispersion of the secondary alcohols, and 
later verified by Lowry in the ultra-violet region, is 
a composite band resulting from absorption by the 0-0H 
group, together with 0-0 and C-H absorbtion.
Where, on the other hand, the active bands are widely 
separated, two or even three terms of the Drude equation 
may be required to represent .the dispersion curve.
In those substances which show simple dispersion the 
rotatory power is generally less sensitive to changes of 
temperature or solvent, than in those which show complex 
rotatory dispersion.
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The Effect of Solvents on the Specific Rotatory Power and the 
Rotatory Dispersion of Substances in Solution
One of the most noticeable characteristics of the specific 
rotatory power of a substance, is its susceptibility to 
change of solvent. No satisfactory explanation of this 
behaviour has yet been advanced. It has however been shown,
(see page 18 above), that the optical rotatory power of a 
substance for a given wavelength may be expressed:-
cm x - ** ( 4  ♦ g> f i (1 4 )
where 3
n^ is the refractive index of the medium for light of 
wavelength x A.U.
is a term depending on the rotatory dispersion and is 
constant for any given wavelength.
Kx is a constant for any given wavelength.
Wolf and Volkmann^60) therefore conclude that[|l]/(n2 +2)
should be constant for non-polar solutes. Beckmann and Oohen^6^)
have suggested that in the study of solvent effects, the
variation of 3lp<J/(n8+2) should be considered rather than
that of M .  This quantity is denoted by the symbol SL :
r u  &s 3 GO 
n 2+2
this suggestion is a natural consequence of equations (8 A 14) 
above, in which the variation of is seen to be of more 
fundamental significance than the variation of GO • The
31
quantity "XL " is called the "rotirity" of the substance
(in analogy to the relation between refractive index and
refractivlty). Beckmann and Cohen further suggest that the
rotivity of a substance is a linear function of the
electrostatic field acting on the active molecule:
J l  m S l a *S\lW (16)
where Xl0 * rotivity in zero field
XY •  change in rotivity per unit field, acting along 
the resultant dipole of the molecule.
F * the applied field.
The significance attached by these authors to the rotivity
is clearly seen from equation (14) , but it appears that the
refractive index may also enter into the terra /3 , which
represents the dispersion. Rule and Chambers(32) have shown
that in non-polar solvents the variation in 9LM]/(n2+2)2 , for
d-pinane, is less than that of 3[M]/(n2+2) , whilst the
variation is least in 3[M]/(n2+2) if all solvents are
considered.
More recent work, by pryde and Rule^63  ^ suggests that the 
improvement in constancy,observed in d-pinane, was fortituous, 
however, since their observations were confined to one 
wavelength it is impossible to tell whether the alteration 
in the rotatory power, due to the refractive index, is not 
masked by an alteration in the dispersion term
The work of Kenyon and Platt^64  ^ with (+)y methyl n-heptane 
also suggests that the dependence of optical rotatory power 
on refractive index is not so simple as might be expected
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The specific rotatory power of (-) glycide phenyl ether 
varies in different solvents by some 260$ for K *5461 A. and 
by 450$ f o r X *  4358 A. (calculated on the basis of the lowe*t 
rotatory power).
The rotivities of (-) glycide phenyl ether vary in a similar 
manner, as in table Ir-
on the basis o f current hypotheses.
Table I
Solvent n„of Solvent ^ 5 4 6 1 * 3!p(f/(n2+2)
None 1.5310 24.4 16.9
(homogeneous)
Benzene 1.5014 21.9 15.5
Pyridine 1. 5092 23.5 16.4
Oarbon Disulphide 1.6295 22.7 14.8
Maximum variation 1 : 1 .1 1 1 : 1.14
Nitromethane 1.3818 17.7 13.5
n-Propyl chloride 1.3589 1 2 .0 9.1
Acetone 1.3589 16.2 12.5
Dioxan 1.4232 8 .2 6 .1
Diethyl ether 1.3542 8.3 6.4
Maximum variation 1 : 2.13 1 : 2 .1 1
These figures show that the refractive index has a relatively
small effect on the rotatory power of the (-) glycide phenyl
ether. The experiments of Rule^6^*63), and of Kenyon and 
(64)Platt ' were carried out with hydrocarbons. Compounds 
of this type should be less susceptible to solvent actic 
than those containing more polar groupA, but the molsbules ^  
employed necessarily contain a branched chain, which implies
    _______
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an activated position in the chain. If solvent action occurs 
through this position, then the relative magnitudes of the 
active hands due to 0-0 and C-H absorption may well be 
altered with a consequent alteration in the magnitude of the 
rotatory power, though the rotatory dispersion will probably 
remain the same in the visible and near ultra-violet regions.
It seemsthat it may be necessary to make a complete analysis 
of the rotatory dispersion, in the regions of transparency 
and absorption, of a substance in which the main contributions 
to the rotatory power are due to bands in the near ultra-violet, 
before a satisfactory estimate of the effect of refractive 
index can be made. In such a case the relative effect of 
the indeterminable active absorption bands in the Schumann 
region would be much reduced.
Substances which show true simple rotatory dispersion usually 
have all their optically active absorption bands situated 
in the Schumann region and thus not separable in the Drude 
equation. As has been pointed out earlier (see page 28), 
absorption bands in this region correspond to tightly bound 
electrons, so that it wpuld be expected that the influence of 
solvents on the rotation constants of such optically active 
absorption bands would be small, and would tend to influence 
the various opposing terms similarly, which would oxplain 
the generally small influence of solvents on the rotatory 
dispersion of substances which show simple rotatory dispersion
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in the risible region; it seems probable that the effect of 
solvents on the rotatory dispersion of such substances would 
be more marked if the observations were extended into the 
ultra-violet region.
In contrast to this, substances which show conqplex dispersion 
have more than one anisotropic absorption band , and the 
electrons corresponding to the band of longer wavelength are 
more loosely bound, and so much more likely to be influenced 
by solvents than those corresponding to bands in the 
Schumann region, Thus the relative magnitude of the partial 
rotations of the different bands is very susceptible to 
solvent action, with the result that the rotatory dispersion 
is markedly influenced in a similar manner.
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ANALYSIS 0? ROTATORY DISPERSION CURVE3
An analysis of the form of rotatory dispersion curves in 
terms of the Drude equation, shows that its shape depends 
in a definite way on the relative magnitude of the different 
constants of this equation.
Analysis and comparison of the curves obtained from equations:-
(ocj * K 1 ♦ * 2  *  £°0 *  K  -
X' -X V- - xl- A  ^
shows that there are four types of complex dispersion to 
be considered, so far as a two-term equation is concerned.
(a) Both terms of the same sign (b) Terms of opposite sign
(1) K -^ / C K -K ) > K V o v-\') (*) > K ^ - K )
«
(8) Kj/c h ' -K )< Kg/( N'-.'l) (4) < K g A ^ - K)
(a) (1) The values obtained for a corresponding one term
equation lie between \ A . The l/<x /X* curve is 
straight for the long wavelengths, but shows a slight 
curvature towards the X axis as the absorption bands 
are approached. This type of dispe rsion is 
classified as "complex but normal" or "pseudosimple".
(h) (2) Similar to (1) but the curvature of the plot of 
1/x /av is increased and A* is further displaced 
though
(b) (3) In this case \<\<K and the curvature of the plot is
usually more pronounced than in (1) and (2). This 
type of dispersion is normal up to the active hand.
The curve of^/^is convex towards the a axis. This 
type is often called quasi-anomalous dispersion.
(b) (4) The curvature of the 1/* /xx plot is convex towards
the X axis and\ 0^ A .  The curve also shows a minimum 
and then increases to infinity, returns from infinity 
and -70 for small wavelengths. This corresponds to the 
inflexion, maximum and reversal of sign of the plot of 
which are the characteristics of anomalous 
dispersion.
A general idea of the nature of the constants involved can 
thus he obtained, in some cases, by an inspection of the 
rotatory dispersion curve, but in general it is necessary 
to calculate a Drude equation in order to reveal the nature 
the dispersion, since the observed complexity is usually small*
i i y1 J v •** , t' * *£ j
Use of the Dispersion Ratio in Analysis of Rotatory Dispersion
The ratio of the specific rotatory power of a substance, for 
the mercury violet line at 4358 A . , to that for the green line 
at 5461 A * , has been used as a diagnostic test of the nature 
of the rotatory dispersion in the visible region and is called 
the "dispersion ratio"* Pickard and Kenyon^38) have shown that 
the dispersion ratios of the secondary aliphatic alcohols have 
a fairly constant value at 1*65, which corresponds to a one 
term equation with A0 m 1500 A* The dispersion ratio must be 
used with care, since it may be that the two points lie on a 
curve such that the slope between them would indicate simple 
dispersion, whilst a full investigation might reveal both 
complex and anomalous dispersion* If,however, the dispersion 
ratio is below 1.61, the dispersion is likely to be complex , 
since this would require an absorbtion band below 1100 A, an 
unusual figure for active absorbtion bands. If the dispersion 
ratio is below 1.57 , the dispersion is certainly complex and 
anomalous, since this figure corresponds to an absorbtion 
band at zero wavelength.
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T he d i s p e r s i o n  r a t i o  may t h e r e f o r e  be  u s e d  a s  a  d i a g n o s t i c  
t e s t ,  p r o v id e d  due c a u t i o n  i s  e x e r c i s e d : -
( 1 )  i f  * 4*11 < 1 . 6 7  th e  d i s p e r s i o n  i s  d e f i n i t e l y  c o m p le x  an d
a n o m a lo u s .
< 1 * 6 1 - 2  p o s s i b l y  c o m p le x  a n d  a n o m a lo u s
( 2 )  m *  1 .6 5  a n d  r e m a in s  c o n s t a n t  i n  d i f f e r e n t  s o l v e n t s
th e n  th e  d i s p e r s i o n  i s  " s i m p l e " •
( 3 )  - =c . l . 70 i n d i c a t e s  an  a b s o r p t io n  b a n d  i n  th e
p h o t o g r a p h ic  u l t r a - v i o l e t  r e g io n ,  i f  th e  
v a lu e  o f j^ -  i s  c o n s t a n t  i n  d i f f e r e n t  s o lv e H A s .  
I f  th e  d i s p e r s i o n  r a t i o  v a r i e s  w i t h  
d i f f e r e n t  s o l v e n t s  th e  d i s p e r s i o n  i s  p r o b a b ly  
c o m p le x  b u t  n o rm a l o r  q u a B i-a n o m a lo u s .
A n o m a lo u s  d i s p e r s i o n  u s u i l l y  r e s u l t s  i n  a  l a r g e  v a r i a t i o n  i n
th e  d i s p e r s i o n  r a t i o  u n d e r  d i f f e r e n t  c o n d i t io n s .  The c h i e f
a d v a n ta g e  o f  th e  d i s p e r s i o n  r a t i o  a s  a  t e s t  i s  t h a t  i t  c a n  be
a p p l i e d  im m e d ia t e ly  a t  th e  p o la r im e t e r .
C h a r a c t e r i s t i c  D ia g r a m s .
A r m s t r o n g  an d  W a lk e r ^ 6 5 ) u s e d  a  s l i g h t l y  d i f f e r e n t  g r a p h i c a l  
m eth o d  o f  a n a l y s i s n g  r o t a t o r y  d i s p e r s i o n s .  Thejr p l o t t e d  
th e  r o t a t i o n s  o f  a  s e r i e s  o f  r e l a t e d  com pounds, f o r  one  
w a v e le n g t h  a s  a b s c i s s a e ,  a n d  th o s e  f o r  o t h e r  w a v e le n g t h s  
a s  o r d in a t e s .  S u b s t a n c e s  w h ic h  h a ve  r e l a t e d  d isp e  r s i o n s  show  
s t r a i g h t  l i n e s ,  w h i l s t  t h o s e  d i s p e r s i o n s  w h ic h  a re  n o t  r e l a t e d  
show  m ark e d  d iv e r g e n c e s .  The " C h a r a c t e r i s t i c  D ia g r a m s /  so  
o b t a in e d  a re  o f  f o u r  m a in  t y p e s
( 1 )  T h o se  i n  w h ic h  th e  s t r a i g h t  l i n e s  o f  th e  d ia g r a m  i n t e r s e c t  
on  th e  l i n e  o f  z e ro  r o t a t i o n ,  o u t s id e  th e  d ia g r a m .  T h i s  
ty p e  r e s u l t s  fro m  s u b s t a n c e s  h a v in g  th e  same d i s p e r s i v e  
po w e r an d  th e  same s i g n .
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(2 )  The s t r a i g h t  l i n e s  i n t e r s e c t ,  b u t  n o t  a t  z e ro  r o t a t i o n ,  an d  
n o t  n e c e s s a r i l y  a l l  a t  one p o in t .  T h i s  ty p e  o f  d ia g r a m  
c o r r e s p o n d s  t o  c o m p le x  b u t  n o t  a n o m a lo u s  d i s p e r s i o n .
(3 )  The l i n e s  i n t e r s e c t  a t  z e ro  r o t a t i o n  b u t  i n s i d e  th e  
d ia g ra m .  T h i s  ty p e  c o r r e s p o n d s  to  s u b s t a n c e s  o f  s i m i l a r  
d i s p e r s i v e  pow er b u t  o f  o p p o s i t e  s i g n .
(4 )  The l i n e s  i n t e r s e c t  i n s i d e  th e  d ia g r a m  b u t  n o t  on  th e  l i n e  
o f  z e ro  r o t a t i o n .  The c o lo u r  se q u e n ce  may be  r e v e r s e d .
T h i s  ty p e  c o r r e s p o n d s  to  co m p le x  a n d  a n o m a lo u s  d i s p e r s i o n .
T h i s  ty p e  o f  d ia g r a m  m ay a l s o  be u s e d  t o  com pare  th e  r o t a t o r y
d i s p e r s i o n s  o f  d i f f e r e n t  s o l u t i o n s  o f  th e  same s u b s t a n c e .
P a t t e r s o n ( 6 6 ) m o d i f ie d  th e  A r m s t r o n g  an d  W a lk e r  d ia g r a m  so  a s  
to  make i t  m ore s e n s i t i v e ,  b y  p l o t t i n g  th e  d i f f e r e n c e s  o f  th e  
r o t a t i o n s  fro m  th o s e  o f  a  s t a n d a r d  w a v e le n g th ,  t h u s  i n c r e a s i n g  
th e  s c a le  o f  th e  d ia g r a m .  When th e  d i s p e r s i o n  i s  a n o m a lo u s  
th e  l i n e s  f o r  th e  d i f f e r e n t  w a v e le n g th s  do n o t  c o n v e rg e  t o  a  
p o in t  o n  th e  h o r i z o n t a l  a x i s .
T h e se  m e th o d s  o f  a n a l y s i s  a re  no  s u b s t i t u t e  f o r  th e  p r a c t i c a l
o b s e r v a t i o n  o f  th e  c o m p le te  id t a t o r y  d i s p e r s i o n .  I t  h a s  b e e n
sh o w n (1 4 ) t h a t  th e  i n f r a - r e d  r e g io n  y i e l d s  l i t t l e  i n f o r m a t io n
a s  t o  th e  n a t u r e  o f  th e  r o t a t o r y  d i s p e r s i o n ,  and  p r a c t i c a l
d i f f i c u l t i e s  p r e v e n t  th e  m easu rem en t o f  b o t h  th e  a b s o r b t io n
a n d  th e  r o t a t o r y  pow er i n  th e  Schum ann r e g io n  ( i . e .  b e lo w  2000 A )
The o u t l i n e  g i v e n  ab o ve  r e f e r s  o n ly  t o  th e  r o t a t o r y  d i s p e r s i o n
t r a n s p a r e n c y
i n  th e  r e g io n  o f  e h r a k k k t m  (m e a su re m e n ts  i n  th e  r e g io n  
o f  a b s o r b t io n  h ave  b e e n  d i s c u s s e d  b y  L o w r y (1 4 ) )  a t  th e
p r e s e n t  t im e ,  t o  p r o v id e  a  p r o p e r  b a s i s  f o r  th e  d i s c u s s i o n  
o f  r o t a t o r y  d i s p e r s i o n  i t  i s  n e c e s s a r y  t o  m e asu re  th e  
b o t a t o r y  po w e r fro m  c .6 7 0 0  down t o  th e  n e a r e s t  a b s o r b t io n
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"band i n  th e  u l t r - v i o l e t  r e g io n .  M ean s o f  m a k in g  th e  
m e a su re m e n ts  i n  th e  v i B i b l e  r e g io n  a re  s im p le  an d  w id e ly  
a v a i l a b l e .  A p p a r a t u s  f o r  m e a su re m e n ts  i n  th e  u l t r a - v i o l e t  
r e g io n ,  on  th e  o t h e r  h a n d , i s  r a r e  an d  i s  t e d io u s  to  u s e .
I n  th e  p r e s e n t  i n v e s t i g a t i o n ,  h o w e ve r, t h r o u g h  th e  k in d n e s s  
o f  P r o f e s s o r  R .G .W . N o r r i s h  F . R . 8 . ,  i t  h a s  b e e n  p o s s i b l e  to  
make a  l i m i t e d  u se  o f  th e  l a t e  P r o f e s s o r  L o w r y 's  a p p a r a t u s ,  
th e  r e s u l t s  o f  t h i s  w o rk ,  t o g e t h e r  w i t h  a  s h o r t  d e s c r i p t i o n  
o f  th e  m e th o d s  e m p lo ye d  a r e  d e s c r ib e d  i n  l a t e r  s e c t i o n s . o f  
t h i s  t h e s i s .
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[2> O h lo rfd p h e n o x y - i s o p r o p y l  a l c o h o l  i s  r e a d i l y  p r e p a r e d  b y  
th e  r e a c t i o n  b e tw e e n  e q A im o le c u la r  p r o p o r t io n s  o f  p h e n o l a n d
e p ic h lo r h y d r in ,  w i t h  so d iu m  h y d r o x id e  s o l u t i o n  a s  a  c a t a l y s t
(B o y d  d  M a r ie  J .1 9 1 0 ,  1 7 8 8 ).
OHp CHo.O.Ph
t o %
0H X + H O .P h  ----- ^^23-------y OHOH
: :
O H gO l O H gO l
E p i c h lo r h y d r in  8  c h l o r / p h e n o x y - i s o p r o p y l
a l c o h o l
When a  m ix t u r e , o f  e q u im o le c u la r  p r o p o r t io n s  o f  c h lo r y S p h e n o x y  
- i s o p r o p y l  a l c o h o l  a n d  p h t h a l i c  a n h y d r id e ,  i s  a l lo w e d  to  
s t a n d  f o r  a f o r t n i g h t  i n  th e  p re se n c e  o f  a s l i g h t  e x c e s s  o f  
p y r i d i n e ,  d l  p  c h lo r ^ p h e n o x y - ie o p r o p y l  h y d ro g e n  p h t h a la t e  i s  
fo rm e d  i n  g o o d  y i e l d .
The a d d i t i o n  o f  d r y  b r u c in e  to  an  e q u im o le c u la r  p r o p o r t io n  o f  
d l^ c h lo r ^ / p h e n o x y  h y d r o g e n  p h t h a la t e  d i s s o l v e d  i n  h o t  e t h y l  
a c e t a t e  s o l u t i o n ,  y i e l d s  a b r u c in e  s a l t  , w h ic h  s lo w ly  
c r y s t a l l i s e s .  A f t e r  se v e n  r e c r y s t a l l i s a t i o n s  t h i s  s a l t  y i e l d s  
th e  b r u c in e  s a l t  o f  th e  ( - )  h y d ro g e n  p h t h a l i c  e s t e r ,  p r o b a b ly  
o p t i c a l l y  p u r e ,  s in c e  f u r t h e r  r e c r y s t a l l i s a t i o n  o f  th e  
b r u c in e  s a l t  p r o d u c e s  no  f u r t h e r  in c r e a s e  i n  th e  r o t a t o r y  
p o w e r o f  th e  h y d ro g e n  p h t h a l i c  e s t e r .
The ( - )  h y d ro g e n  p h t h a l i c  e s t e r  i s  d e f in e d  a s  t h a t  w h ic h  a  
l a e v o  r o t a t i o n  o f  p la n e  p o l a r i s e d  l i g h t  , when i t  i s  d i s s o l v e d  
i n  d i e t h y l  e t h e r .
P r e p a r a t io n  o f  (- )  G ly c id e  P h e n y l K th e r  O Hg-CH .O H^.O .Ph
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Theyg c h lo r / 3 p h e n o x y - i s o p r o p y l  h y d ro g e n  p h t h a la t e ,  when  
h e a te d  i n  a  c u r r e n t  o f  s te a m  i n  th e  p r e s e n c e  o f  1 2 . 6N  
p o t a s s iu m  h y d r o x id e  s o l u t i o n ,  y i e l d s  th e  ( - )  g l y c i d e  p h e n y l  
e t h e r .
I t  1 b  c o n c lu d e d  t h a t  t h i s  e t h e r  i s  o p t i c a l l y  p u re  s i n c e r -
( a )  D i f f e r e n t  sp e c im e n s  o f  th e  ( - )  h y d ro g e n  p h t h a l i c  e s t e r  
y i e l d  th e  ( - )  g l y c i d e  p h e n y l  e t h e r  o f  i d e n t i c a l  r o t a t o r y  
p ow e r on h y d r o l y s i s .
( “b ) The c o n v e r s io n  o f  th e  s u p p o s e d ly  o p t i c a l l y  p u re  ( - )  g l y c i d e  
p h e n y l  e t h e r  i n t o  ^he ( - ) /  c h lo i / ^ p h e n o x y - i s o p r o p y l  
a l c o h o l #a n d  r e c o n v e r s io n  o f  t h i s  i n t o  i t s  h y d ro g e n  p h t h a l i c  
e s t e r , y i e l d s  th e  ( - )  h y d ro g e n  p h t h a l i c  e s t e r  p o s s e s s i n g
p i- . i.yt L \ y ic.: '; ; £'
i t s  o r i g i n a l  r o t a t o r y  p o w e r, w i t h in  th e  l i m i t s  o f  
e x p e r im e n t a l  e r r o r .
1
(4 2 )
The O p t i c a l  R o t a t o r y  D i s p e r s i o n  o f  G ly c id e  P h e n y l  E t h e r  
A  I n  th e  H om ogeneous S t a t e
The r o t a t o r y  d i s p e r s i o n  o f  ( - )  g l y c i d e  p h e n y l  e t h e r  i n  th e  
r i s i b l e  sp e c tru m , p l o t t e d  a s  l/fcQ /A v i s  n e a r l y  a  s t r a i g h t  l i n e ,  
a n d  th e  d i s p e r s i o n  r a t i o  i s  1 .6 2 .  The d i s p e r s i o n  may 
t h e r e f o r e  c o r r e s p o n d  t o  a  one t e r n  D ru d e  equation*-
M  -  ^  < l 6 )
C o n s id e r a t i o n  o f  s u c h  a n  e q u a t io n  , a n d  o f  th e  fo rm  o f  th e  
c u rv e  o f  &Q/\ s u g g e s t s  t h a t  th e  d i s p e r s i o n  may n o t  be  so  
s im p le  a s  a t  f i r s t  a p p e a r s ,  s in c e  : -
(1 )  The v a lu e  o f  o b t a in e d  ( 1 6 ) ,  v a r i e s  b e tw e e n  930 A  a n d  
1340  A  a c c o r d in g  t o  th e  p o i n t s  s e le c t e d  f o r  th e  
e v a lu a t i o n  o f  th e  e q u a t io n .
(2 )  The v a lu e s  o f  i n  t h i s  r a n g e  a re  r a t h e r  lo w .
( 3 )  E x a m in a t io n  o f  th e  r o t a t o r y  d i s p e r s i o n  o f  th e  s u b s t a n c e  
i n  s o l u t i o n  sh o w s i t  to  be  com p le x .
(4 )  The s p e c i f i c  r o t a t o r y  pow er o f  th e  ( - )  g l y c i d e  p h e n y l  e t h e r  
i s  l a r g e r  th a n  t h a t  u s u a l l y  a s s o c i a t e d  w i t h  b a n d s  i n
th e  Schum ann r e g io n ,  an d  p a r t i c u l a r l y  i t  w o u ld  b e  
e x p e c te d  t h a t  i f  o p t i c a l l y  a c t i v e  b a n d s  o c c u r  a t  1100  A. 
t h e i r  d is s y m n e t r y  f a c t o r  w o u ld  be lo w .
I n  b o t h  th e  v i s i b l e  an d  th e  u l t r a - v i o l e t  r e g io n  (6 7 0 8  A -  3180  A )  
i t  i s  p o s s i b l e ,  b y  a s u i t a b l e  s e l e c t i o n  o f  p o i n t s ,  t o  o b t a in  a  
s t r a i g h t  l i n e  f o r  th e  p l o t  1 / * )  / x v f o r  th e  w h o le  r a n g e  e x c e p t  th e
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th r e e  p o i n t s  o f  s h o r t e s t  w a v e le n g th .  T h i s  s u g g e s t s  s im p le  
d i s p e r s i o n ,  a n d  f u r t h e r  th e  f i r s t  th re e  v a lu e s  o b t a in e d  f o r  
\ 0, ( T a b le  I I ) ,  a r e  i n  f a i r  a g re e m e n t.
I f , h o w e v e r ,  e q u a t io n s  a r e  c a l c u l a t e d  f o r  p o i n t s  c l o s e r  t o g e t h e r  
o n  th e  w a v e le n g t h  s c a l e ,  th e  v a lu e s  o f  d e c r e a s e  t o  a  m in im um , 
a n d  th e n  r i s e  a g a in ,  c o r r e s p o n d in g  t o  a p o in t  o f  i n f l e x i o n  
o n  th e  c u rv e  o f  1^ 3 /X  .
The d i s p e r s i o n  c u rv e  c o r r e s p o n d s  t h e r e f o r e  t o  c o m p le x  
d i s p e r s i o n  a n d  a two terra e q u a t io n
A  tw o -te rm  e q u a t io n  o f  t h i s  ty p e  w as r e q u i r e d  t o  e x p r e s s  th e
A i r s ,  B a l f e ,  I r w i n  a n d  K e n y o n  fo u n d  t h a t ,  e v e n  i n  t h i s  c a s e ,  
w here th e  p l o t  o f t ^ y x  show ed  v e r y  o b v io u s  a n o m a lo u s  d i s p e r s i o n ,  
th e  c a l c u l a t i o n  o f  th e  tw o -te rm  D ru d e  e q u a t io n  p r e s e n t e d  
c o n s id e r a b le  d i f f i c u l t y ;  i t  w a s  n e c e s s a r y  t o  u se  a  t e n - f i g u r e  
c a l c u l a t i n g  m ach in e  to  a c h ie v e  a r e s u l t .  T h e r e fo r e  th e r e  
seem ed l i t t l e  hope o f  e v a l u a t i n g  s u c h  a n  e q u a t io n  f o r  
g l y c i d e  p h e n y l  e t h e r ,  i n  w h ic h  th e  d i s p e r s i o n  i s  o n ly
T a b le  I I
W a v e le n g th s  u s e d  i n  th e  
C a l c u l a t i o n  o f  e q u a t io n  (1 6 )
6708  A  4368  A . 
6461 A 3 2 9 2 A . 
4359  A  3292  A . 
6708 A 5461 A. 
6461 A  4358  A. 
4 368  A  3603 A .  
3603 A  3292 A.
W a v e le n g th  o f  C a l c u l a t e d  
O p t i c a l l y  a c t i v e  b a n d  X» 
1157 A.
1160  A .  
1118  A .  
1040  A .  
953 A .
928 A .  
1339  A .
(1 7 )
(6 7 )
r o t a t o r y  d i s p e r s i o n  o f  t e t r a h y d r o - f u r f u r y l  a l c o h o l
s l i g h t l y  a n o m a lo u s ;  i n  f e e t ,  th o u g h  th e  v a lu e n  u s e d  i n  th e  
c a l c u l a t i o n  w ere  c h o s e n  fro m  a sm o o th e d  c u rv e  t h r o u g h  th e  
e x p e r im e n t a l  p o i n t s ,  a  f a c t o r  o f  s / - T  a p p e a re d  i n  th e  r e s u l t ,  
s o  t h a t  th e  f o r e b o d in g  wee j u s t i f i e d .  The e v a lu a t i o n  o f  th e  
e q u a t io n  fro m  th e  d i s p e r s i o n  c u r v e  a lo n e ,  h a v in g  p r o v e d  
i m p o s s ib l e ,  i t  w a s  a t te m p te d  from  two e x p e r im e n t a l  o b s e r v a t i o n s ,  
and  two know n, o r  l i k e l y  a b s o r p t io n  b a n d s .  A  a e r ie s  o f  e q u a t io n s  
w as e v a lu a t e d  i n  t h i s  m anner f o r  d i f f e r e n t  p a i r s  o f  p r o b a b le  
o p t i c a l l y  a c t i v e  a b s o r p t io n  b a n d s ,  an d  th o s e  w h ic h  show ed  s i g n s  
o f  f i t t i n g  w ere  c o n s id e r e d  i n  g r e a t e r  d e t a i l .  An e x a m in a t io n  
o f  G ra p h  12  w i l l  show  t h a t  i t  i s  l i k e l y  t h a t  one o f  th e  
a b s o r p t io n  b a n d s  a t  c .  2 8 0 0  A . i s  o p t i c a l l y  a c t i v e ,  an d  t h a t  
a n o t h e r  b a n d ,  i n  th e  Schum ann r e g io n ,  p o s s i b l y  a t  at o u t  130 0  A . 
i s  a l s o  a c t i v e .  The v a l u e s ,  o b t a in e d  fro m  th e  e q u a t io n  w h ic h  
g i v e s  th e  b e e t  f i t ,  v a r y  fro m  th o s e  e x p e r im e n t a l l y  d e te rm in e d  
b y  r a t h e r  l e s s  th a n  th e  e x p e r im e n t a l  e r r o r .  The t h e o r e t i c a l  
c u r v e  d o e s  n o t  f a l l  o f f  n e a r  th e  a b s o r p t io n  b a n d  q u i t e  a s  i t  
s h o u ld .  A t te m p t s  w e re  made t o  se e  w h e th e r  a n  im p ro ve m e n t  
w o u ld  r e s u l t  fro m  th e  u s e  o f  a  t h r e e - t e r m  e q u a t io n #  th o u g h ,  
a s  L ow ry  h a s  p o in t e d  c u t ,  th e  e x p e r im e n t a l  a c c u r a c y  d o e s  n o t  
u s u a l l y  w a r r a n t  th e  u s e  o f  m ore th e n  two te rm s.  T h r e e - te r m  
e q u a t io n ©  h a v e ,  h o w e v e r,  b e e n  u s e d ,  n o t a b ly  b y  L e ve n e  and  
R o t h e n ^ * ' ' f o r  2 -b r o m o 5 c ta n e ,  w h ic h  show ed o p t i c a l l y  a c t i v e  
b a n d s  a t  1844  A . ,  1661 A . ,  find 1000  A .*  I n  th e  o a se  o f  th e  
( - ) g l y c i d e  p h e n y l  e t h e r  i t  m ig h t  b e  t h a t  two o f  th e  m axim a  
o f  th e  e x p e r im e n t a l l y  d e te rm in e d  a b s o r p t io n  c u rv e  a re  
o p t i c a l l y  a c t i v e .  P u t  th e  J u s t i f i c a t i o n  o f  th e  u s e  o f  a
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t h r e e - t e r m  e q u a t io n  l i e s  i n  th e  f a c t  t h a t  i t  u s e s  a  f u r t h e r  
e x p e r im e n ta l  p o in t  ( s e e  a p p e n d ix )
The c a l c u l a t i o n s  o f  th e  t h r e e - t e r m  e q u a t io n s  were  
t h e r e fo r e  m ade, u s i n g  th e  two o b s e r v e d  a b s o r b t io n  b a n d s  o f  
g l y c i d e  p h e n y l  e t h e r  a t  2770 A . an d  2650  A . a b o u t  50 A . 
b e in g  ad d e d  i n  e a c h  c a s e  to  a l l o w  f o r  th e  f a c t  t h a t  b a n d s ,  
d e te rm in e d  b y  m e a su re m e n ts  o f  r o t a t o r y  d i s p e r s i o n , a r e  
u s u a l l y  n e a r e r  to  th e  v i s i b l e  r e g io n  b y  t h a t  am ount th a n  
th e  e x p e r im e n t a l ly  d e te rm in e d  b a n d s*  The t h i r d  b a n d
u s e d  w as t h a t  fo u n d  b y  A i r s ,  B a l f e ,  I r w i n  a n d  K e n y o n ( 6 7 ) i n  
t e t r a h y d r o - f u r f u r y l  a l c o h o l  i . e .  a t  1300  A. The e q u a t io n s  
r e s u l t i n g  fro m  th e s e  c a l c u l a t i o n s  show  some im p ro ve m e n t  
i n  th e  m a g n itu d e  a n d  d i s t r i b u t i o n  o f  th e  d i f f e r e n c e s  fro m  
th e  e x p e r im e n ta l  v a lu e s ,  o v e r  a  two t e r n  e q u a t io n .
The e v a lu a t i o n  o f  a  t h r e e - t e r m  e q u a t io n  fro m  the e x p e r im e n t a l  
d i s p e r s i o n  c u rv e  a lo n e ,  w o u ld  i n v o lv e  the  d e t e r m in a t io n  o f  
th e  r o o t s  o f  c u b ic  e q u a t io n s ,  f o r  w h ic h  an  e x a c t  s o l u t i o n  i s  
n o t  p o s s i b l e ,  so  t h a t  no  su c h  o p e r a t io n  w'as a t te m p te d .  I t  
i s  d i f f i c u l t ,  f o r  th e  same r e a s o n ,  to  d e te rm in e  th e  p o i n t s  
o f  i n f l e x i o n  e t c .  o f  a  t h r e e - t e r m  e q u a t io n .
The c a l c u l a t e d  D ru d e  e q u a t io n s  i n d i c a t e  t h a t  th e r e  i s  
p r o b a b ly  a t  l e a s t  one o p t i c a l l y  a c t i v e  a b s o r b t io n  a t  c. 2800  A . 
a n d  a n o th e r  i n  th e  Schum ann r e g io n ,  p o s s i b l y  a t  a b o u t  1300  A . .
T h o u g h , a t  f i r s t  s i g h t ,  i t  may seem  u n l i k e l y  t h a t  in d u c e d
d is s y m m e try  s h o u ld  a r i s e  I n  th e  b e n ze n e  r i n g ,  when th e  e f f e c t
A \
o f  th e  -C H  -  O H - g ro u p  on  th e  a b s o r p t io n  sp e c tru m  o f  th e  
b e n ze n e  r i n g  i s  c o n s id e r e d ,  i t  w o u ld  a p p e a r  p o s s i b l e  t h a t  
d is s y m m e tr y  w o u ld  a l s o  b e  t r a n s m it t e d *
The a b s o r p t io n  sp e c tru m  o f  th e  com pound, i n  o c ta n e  s o l u t i o n ,  
w as d e te rm in e d  f o r  th e  u l t r a - v i o l e t  r e g io n  b y  T^ r. 0 . H .B e a v e n ;  
i t  show s
( 1 )  A s h i f t  o f  th e  n o rm a l b e n x e n o id  b a n d  a t  2660 A  t o  2770  A .
(2 )  The i n t e n s i t y  o f  th e  a b o v e  b a n d  i a  i n c r e a s e d  fro m  M O  
i n  b e n z e n e ,  t o  <%*,*.« 1630  i n  g l y c i d e  p h e n y l  e t h e r ;  i . e .
th e  i n t e n s i t y  h ae  b e e n  in c r e a s e d  ap p rox iim * t e l y  s i x f o l d .
( 3 )  The e t h y le n i c  b a n d  a t  i 9 6 0  A  i n  b e n ze n e  h a s  b e e n  m oved to  
2196 A . ,  th e  i n t e n s i t y  r e m a in in g  a p p r o x im a t e ly  c o n e t a n t .
The s h i f t  o f  th e a e  two b a n d s  to w a rd  th e  l o n g e r  w a ve le n g th **  
i e  a lm o s t  i d e n t i c a l ,  w h ic h  i a  i n  c o n t r a d i c t i o n  to  th e  
o b s e r v a t i o n  o f  * a l s h ^ 6 ^  t h a t  c o n j u g a t io n  o f  th e  e id e  c h a in  
p r o d u c e s  a m uch l a r g e r  s h i f t  i n  th e  2000  A . b a n d . A  m ore  
s a t i s f a c t o r y  w ay o f  c o n s id e r i n g  th e  a b s o r p t io n  sp e c tru m  m ay 
b e  to  com pare  i t  w i t h  a p h e n o l o r  a p h e n o l i c  e t h e r ,  a n i s o l e  
i s  p a r t i c u l a r l y  a p p r o p r i a t e ,  a s  th e  e f f e c t  p ro d u c e d  may b e  
re g a r d e d  a s  due to  th e  s u b s t i t u t i o n  o f  th e  h y d ro g e n  o f  th e  
M t h y l  g ro u p  b y  th e  g ro u p .  The f o l l o w i n g  f i g u r e s
a r e  q u o te d  fro m  a t a b le  o f  r e s u l t s  g i v e n  b y  B ra u d e ^ 7 ^
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S u b s t a n c e X  n a x X  m ax
^  mira. m ic r o n s m. m ic r o n s
P h .H 196 8000 256 250
P h . Me - - 262 300
Fh . OH -  \ - 275 200
P h .0 .t fe - - 280 230
P h . ? - - 267 1650
U n f o r t u n a t e ly  t h e r e  a p p e a r s  t o  b e  n o  d a t a  f o r  th e  2000  A .  
b a n d  i n  th e  e a se  o f  p h e n o l  a n d  o n i s o l e ,  b o  t h a t  a  p r o p e r  
c o m p a r is o n  o f  th e  s h i f t  o f  th e  two b a n d s  i s  n o t  p o s s i b l e .
I t  c a n  b e  s e * n ,  fro m  th e  a b o v e ,  t h a t  th e  s u b s t i t u t i o n  o f  
th e  h y d ro g e n  i n  th e  m e th y l  g ro u p  o f  .a n ie o le  b y  th e  e p o x id e  
r i n g  g r e a t l y  m o d i f i e s  th e  a b s o r p t io n  o f  th e  b e n ze n e  n u c le u s ,  
th e  i n t e n s i t y  o f  th e  2 5 0 0  A* a b s o r p t io n  b a n d  b e in g  in c r e a s e d  
s i x f o l d ,  th o u g h  th e  w a v e le n g t h  r e m a in s  a p p r o x im a t e ly  
c o n s t a n t *  T h u s  i t  see m s p o s s i b l e  t h a t  th e  d i s s y a m e t r y  o f  
th e  e p o x id e  r i n g  w i l l  h a ve  a  v i c i n a l  a c t i o n  on  th e  e yn rae try  
o f  th e  a b s o r p t io n  b a n d s  i n  th e  b e n ze n e  n u c le u s *  F u r t h e r ,  
a l s h ^ ^ '  h a s  p o in t e d  o u t  t h a t  th e  2500  A* b a n d  i n  b e n ze n e  
r e p r e s e n t s  a b s o r p t i o n  " f o r b id d e n 5* b y  sy m m e try , an d  w o u ld  n o t  
t a k e  p la c e  i f  v i b r a t i o n s  d id  n o t  o c c u r  t o  d e s t r o y  t h a t  
sym m e try ; i t  m ay t h e r e f o r e  b e  t h a t  th e  f u r t h e r  d e s t r u c t i o n  o f  
t h i s  sym m e try , ( r e p r e s e n t e d  t y  th e  i n c r e a s e  i n  i n t e n s i t y  o f  
t h i s  b a n d )  b y  th e  a c t i o n  on  i t  o f  a d is s y m m e t r ic  c h r o n o p h o r e ,  
may re n d e r*  th e  b a n d  o p t i c a l l y  a o t i v e .
f u r t h e r  d i s c u s s i o n  o f  th e s e  r e s u l t s  i s  d e f e r r e d  to  p a g e  64  , 
w here i t  i s  c o n s id e r e d  i n  r e l a t i o n  t o  o t h e r  e f f e c t s .
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The  r o t a t o r y  d i s p e r s i o n  o f  th e  ( - ) g l y e i f l e  p h e n y l  e t h e r  hae  
b e a r  e x am in e d  fro m  6 706  A  t o  4368  A i n  f o u r t e e n  s o l v e n t s .
i
On a c c o u n t  o f  th e  s h o r t  t im e  a v a i l a b l e  i n  C a m b r id g e ,  th e  
o b s e r v a t i o n s  i n  th e  u l t r a - v i o l e t  r e g io n  h a d  to  b e  r e s t r i c t e d  
t o  one  s o l v e n t ,  d i e t h y l  e t h e r .  The p r e r e n t  d i s c u s s i o n  i s  
t h e r e f o r e  m a in ly  c o n f in e d  t o  r e s u l t s  o b t a in e d  i n  th e  v i s i b l e  
r e g io n .
S o l v e n t s  m ay b e  d i v i d e d  i n t o  th r e e  c l a s s e s  s o  f a r  a s  t h e i r  
e f f e c t  o r  th e  r o t a t o r y  pow er and  d i s p e r s i o n  o f  ( - ) g l y c i d e  
p h e n y l  e t h e r  i s  c o n c e rn e d .
M a g n itu d e  C o m p le x it y  o f  
o f  &0. R o t s  t o r y  n it.^e  r e io n
( 1 )  Non p o l c r  s o l v e n t s  G r e a t e s t  L e a s t
( 8 )  The hom ogen eous s u b s t a n c e  « *
( 3 )  O th e r  s o l v e n t s  e x c e p t  e t h e r s  . In t e r m e d ia t e
( 4 )  E t h e r s  L e a s t  G r e a t e s t
(T h e  f i g u r e s  a r e  g i v e n  i n  T a b le s  V I I  A V I I I  p a g e s  92  A 9 3 )
A  p l o t  o f  M  a g a i n s t  th e  d i s p e r s i o n  r a t i o  sh e w s  t h a t  th e  
s p e c i f i c  r o t e t a r y  p o w e r i s  r o u g h ly  p r o p o r t i o n a l  to  th e  
d i s p e r s i o n  r a t i o .  I t  i s  d i f f i c u l t  to  a s c r ib e  an y  p h y s i c a l  
s i g n i f i c a n c e  t o  t h i s  f a c t .
I t  h a s  b e e n  show n ( s e e  p a g e  3 2 ) t h a t  th e  e f f e c t  o f  s o l v e n t s  on  ; 
th e  r o t a t o r y  pow er o f  th e  ( - ) g l y c i d e  p h e n y l e t h e r  m u st  b e
a s c r ib e d  t o  v a r i a t i o n  i n  th e  te rm  /3 o f  e q u a t io n  ( 1 4 ) .
I t  i s  t h e r e f o r e  p r o p o s e d  to  c o n s id e r  th e  v a r i o u s  f a c t o r s  w h ic h  
may a f f e c t  t h i s  te rm , e a c h  i n  t u r n ,  w h i l s t  r e a l i s i n g  t h a t  
m ore th a n  one m ay b e  o p e r a t iv e  i n  an y  g i v e n  c a s e .
The e f f e c t  o f  s o l v e n t s  on  th e  q u a n t i t y  p  , i . e .  on  th e  
d i s p e r s i o n  te rm s ,  m ay be due to
(1 )  D i r e c t  a c t i o n  o f  th e  e l e c t r o s t a t i c  f i e l d , d u e  t o  th e  
s o l v e n t ,  on  th e  a c t i v e  m o le c u le .
(2 )  The d i l u t i n g  e f f e c t  o f  th e  s o lv e n t .
(3 )  The s o l v e n t  a c t i n g  a s  a  ch rom op h ore .
(4 )  A l t e r a t i o n  i n  th e  p o s i t i o n  o f  th e  a b s o r p t io n  b a n d s  o f  
th e  a c t i v e  m o le c u le .
(5 )  Com pound f o r m a t io n  b e tw e e n  s o lu t e  an d  s o lv e n t .
(6 )  A l t e r a t i o n  o f  th e  fre e d o m  o f  r o t a t i o n  a b o u t  s i n g l e  b o n d s  
i n  th e  a c t i v e  m o le c u le .
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( 1 )  A l t e r a t i o n  i n  th e  F i e l d  due t o  th e  In t r o d u c t i o n  o f
a S o lv e n t
H .G .R u le  an d  h ie  c o -w o r k e r s  have  a c c u m u la te d  a  v a s t  am ount o f  
d a ta  c o n c e r n in g  th e  in f lu e n c e  o f  d ip o le  moment o f  th e  s o l v e n t  
on  th e  r o t a t o r y  pow er o f  th e  s o lu t e .  U n f o r t u n a t e ly  m uch o f  
t h i s  w ork  w as c o n c e rn e d  w i t h  o n ly  one w a v e le n g th ,  t h e i r  m ore  
r e c e n t  o b s e r v a t io n s  , a lo n e ,  b e in g  o f  v a lu e  i n  th e  s t u d y  o f  
r o t a t o r y  d i s p e r s i o n .  R u le  o b s e r v e d  a r e g u l a r  d e c re a s e  i n
• * >"•' V . • ‘ ' ' • vV?*v;' r . • - vy ... A  ft*. : ‘ ■ . f. . i . >v: . *■ . . ,
th e  r o t a t o r y  p ow e r o f  th e  s o lu t e  w i t h  i n c r e a s i n g  p o l a r i t y  
o f  th e  s o l v e n t , i n  th e  m a j o r i t y  o f  c a s e s  exam in e d .
I t  h a s  b e e n  s u g g e s t e d ^ 7 1 H h a t  the  so m e tim e s l a r g e  in f lu e n c e  
o f  s o l v e n t s  on  th e  r o t a t o r y  pow er o f  r i g i d  m o le c u le s ,  m ay b e  
due t o  th e  a c t i o n  o f  th e  f i e l d ,  due to  th e  s o l v e n t ,  o n  th e  
ch rom oph ore  o f  th e  a c t i v e  m o le c u le .  F u r t h e r ,  th e  e f f e c t  o f  
s u c h  v i c i n a l  a c t i o n s  w i l l  b e  g r e a t e s t  when th e  r e s u l t a n t  
d ip o le  o f  th e  m o le c u le  d o e s  n o t  l i e  a lo n g  th e  a x e s  o f  th e  
im p o r t a n t  c h ro m o p h o r ic  g r o u p s .  Debye h a s  show n t h a t
d i p o l a r  a s s o c i a t i o n  w i l l  c a u se  a r e d u c t io n  i n  th e  i n t e r n a l  
f i e l d  o f  th e  a c t i v e  m o le c u le ,  and  w i l l  g e n e r a l l y  te n d  t o  
re d u c e  th e  r o t a t o r y  pow er o f  th e  m o ie c u le  i n  t h i s  w ay.
The r o t a t o r y  d i s p e r s i o n  o f  th e  ( - )  g l y c i d e  p h e n y l  e t h e r  
i s  n o t  i n  a c c o rd a n c e  w i t h  th e  above  schem e. T h o u gh  i t s  
s o l u t i o n s  i n  m o st  s o l v e n t s  o f  lo w  d ip o le  moment, h ave  a 
h ig h e r  r o t e t o r y  pow er th a n  th o s e  i n  m o st  s o l v e n t s  w i t h  a  
h i g h  d ip o le  m om ent, th e r e  a r e  two im p o r t a n t  e x c e p t io n s  »
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1 . 4 . - d io x a n  a n d  p y r i d i n e .  The f i g u r e s  g i v e n  h e re  h ave  b e e n  
t a k e n  fro m  T a b le s  V I I  A  V I I I .
T a b le  I V
S o lv e n t t C V D i s p e r s i o n
R a t i o
D ip o le
Moment
N it r o m e th a n e 2 0 .6 3 1 .4 6 3 .0 5
A c e to n e 1 9 .7 3 1 .4 1 2 .7
P y r id i n e 2 7 .2 7 1 .6 1 2 .1 1
n - p r o o y l  c h lo r id e 14 . 27 1 .3 8 1 .9 4
D i e t h y l  e t h e r 1 0 .4 7 1 .3 0 1 .2 4
1 .4 .  D io x a n 9 .9 3 1 .3 6 0 .4 5
O a rb o n  D i s u lp h id e 3 2 .2 7 1 .7 0 0 .0 6
B en zen e 3 0 .1 4 1 .6 5 0 .0 0
The l a c k  o f  r e l a t i o n  b e tw e e n  th e  r o t a t o r y  p ow e r a n d  th e  
th e  d ip o le  moment o f  th e  s o lv e n t  i s , n o  d o u b t ,  due t o  th e  
f a c t  t h a t  th e  e p o x id e  a n d  b e n ze n e  r i n g  ch ro m o p h o re s  a r e  
s e p a r a t e l y  a f f e c t e d  b y  th e  f i e l d  o f  th e  s o lv e n t .  T h e re  
i s  a l s o  no a p p a r e n t  r e l a t i o n  b e tw e e n  th e  d i s p e r s i o n  r a t i o  
a n d  the  d ip o le  moment o f  th e  s o lv e n t .
A  s u g g e s t i o n  t h a t  th e  d ip o le  moment may n o t  b e  th e  o n ly  
f a c t o r  d e t e r m in in g  th e  e l e c t r o s t a t i c  e f f e c t s  o f  s o l v e n t s
h a s  b e e n  made b y  D a v ie s ^ 7 3 ) # who show s t h a t  th e  e f f e c t i v e n e s s
/
o f  th e  d ip o le  o f  th e  s o l v e n t  m ay be  re d u c e d  b y  " s t e r i c  
p r o t e c t i o n 11. H o w e ver, e v e n  i f  th e  d ip o le  m om ents o f  th e  
s o l v e n t s  , g i v e n  a b o v e ,  w ere c o r r e c t e d  f o r  t h e Hs t e r i c  
p r o t e c t i o n "  i t  w o u ld  s t i l l  be  Im p o s s ib le  t o  e x p l a i n  th e  
l a r g e  e f f e c t  o f  d io x a n  com pare d  to  t h a t  o f  n it r o m e th a n e ,  
i n  te rm s  o f  th e  e l e c t r i c  f i e l d  due t o  th e  s o lv e n t .
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I f  th e  m o le c u le ®  o f  a  hom ogen eous s u b s t a n c e  w ere  t o  e x i s t  i n
a n  a s s o c i a t e d  s t a t e ,  s u c h  a s  a  d im e r ,  th e n  th e  te n d e n c y  o f
th e  s o l v e n t  w o u ld  b e  t o  ch a n ge  th e  r o t a t o r y  d i s p e r s i o n , f r o m
t h a t  o f  a  d im e r ,  i n t o  t h a t  o f  th e  s im p le  m onom er. The e f f e c t
s o l v e n t s  w o u ld  In c r e a s e  i n  th e  o r d e r  o f  i n c r e a s i n g  p o l a r i t y ,
(7 4 )
i n  a c c o r d  w i t h  th e  v ie w s  o f  R u le  • He p r e f e r s  th e  u s e  o f  
th e  te rm  " d i l u e n t "  i n  p l a c e  o f  th e  m ore u s u a l  " s o l v e n t " ;  s in c e  
th e  e f f e c t  o f  a  s o l u t i o n  on  a n y  one  m o le c u le  o f  s o l u t e  i s  due  
t o  ( a )  o t h e r  m o le c u le s  o f  th e  same s p e c i e s ,  an d  ( b )  t h o s e  o f  
th e  s o l v e n t ;  th e  a d v a n ta g e  o f  th e  te rm  " d i l u e n t "  i s  t h e r e f o r e  
o b v io u s .
In t e r m o le c u la r  a s s o c i a t i o n  t h r o u g h  th e  p h e n o l i c  e t h e r  g ro u p  
w o u ld  g i v e  a  d im e r ,  ( V I I I ) ,  i n  w h io h  th e r e  i s  n o  c e n t r e  o f  
sym m etry  i f  th o  A im e r  c o n s i s t s  o f  tw o m o le c u le s  o f  th e  
sam e c o n f i g u r a t i o n ,  s i m i l a r l y  r e f l e c t i o n  o f  one m o le c u le  i n  
a  p la n e  o f  sym m etry  p r o d u c e s  th e  o t h e r  c o n f i g u r a t i o n ,  s o  
t h a t  a  d im e r  , p ro d u c e d  fro m o n e  is o m e r  a lo n e ,  mxmt a l s o  
l a c k  t h i s  e le m e n t  o f  sy n m e try .
(2 )  The D l lu t ia T  E f f e c t  o f  th e  s o lv e n t
t h a t  th e  s o l v e n t  s u b s t i t u t e s  i t s e l f  f o r  th e  p a r t n e r  i n  th e  
d im e r^ 7 4 ) ,  t h u s  c a u s in g  a n  a l t e r a t i o n  i n  th e  i n t e r n a l  f i e l d
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o f  th e  a c t i v e  m o le c u le ,  w i t h  a  c o n se q u e n t  c h an ge  i n  th e  
r o t a t o r y  pow er*
T h i s  m e ch an ism  i s  one o f  th e  m o st  l i k e l y ,  i t  i s  t h e r f o r e  
p r o p o s e d  t o  t r e a t  i t  i n  m ore d e t a i l  i n  c o n j u n c t io n  w i t h  
o t h e r  l i k e l y  a f f e c t s  a t  a  l a t e r  s t a g e  ( s e e  p a g e  44. )•
( 3 )  S o lv e n t  A c t i n g  a s  a  Q hrom ophore
I f  th e  s o l v e n t  fo rm s  a  com pound w i t h  th e  s o lu t e  i t  may a c t  
a s  a  ch rom oph ore * T h i s  ty p e  o f  m ech an ism  c a n n o t ,h o w e v e r ,  
s a t i s f a c t o r i l y  e x p l a i n  th e  r o t a t o r y  d i s p e r s i o n  o f  s o l u t i o n s  
o f  g l y c i d e  p h e n y l  e t h e r  s in c e  i t  d e p e n d s o n  com pound f o r m a t io n  
b e tw e e n  s o lu t e  a n d  s o l v e n t ,  w h ic h  i s  n o t  i n  a c c o r d  w i t h  th e  
o b s e r v e d  e f f e c t  o f  te m p e ra tu re  on  e t h e r e a l  s o l u t i o n s  o f  t h i s  
s u b s t a n c e *
(4 )  D i s p la c e m e n t  o f  O p t i c a l l y  A c t i v e  A b s o r p t io n  B a n d s  b y
S o lv e n t  A c t i o n
I n  th e  d e t e r m in a t io n  o f  u l t r a - v i o l e t  a b s o r p t io n  s p e c t r a  i t  i s  
u s u a l  t o  e m p lo y  n o n - p o la r  s o l v e n t s , s u c h  a s  n -h e x a n e ,  s o  a s  t o  
m in im is e  s o l u t e - s o l v e n t  i n t e r a c t i o n ,  w h ic h  m ay h ave  a n  
a p p r e c ia b le  e f f e c t  on  th e  a b s o r p t io n  sp e c tru m  , p a r t i c u l a r l y  
o f  a  p o l a r  m o le c u le .  T h i s  e f f e c t  , h o w e ve r, i s  m a in ly  
c o n f in e d  t o  a l t e r a t i o n  I n  th e  " f i n e  s t r u c t u r e "  o f  th e  
a b s o r p t io n  b a n d s .
S u c h  e f f e c t s  w o u ld  n o t  h a ve  a n  a p p r e c ia b le  in f lu e n c e  o n  th e
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r o t a t o r y  d i s p e r s i o n  u n l e s s  i t  w ere c o n t r o l l e d  b y  two b a n d s  
c lo s e  t o g e t h e r ,  a n d  o n ly  one o f  them  w ere  d i s p l a c e d .  The  
o b s e r v e d  a n o m a l ie s  i n  th e  r o t a t o r y  d i s p e r s i o n  o f  th e  ( - )  
g l y c i d e  p h e n y l  e t h e r  m u s t  t h e r e f o r e  be  due t o  some o t h e r  c a u s e .
(6 )  Com pound F o r m a t io n  b e tw e e n  S o lu t e  an d  S o lv e n t
I t  w as a t  f i r s t  t h o u g h t  t h a t  com pound f o r m a t io n ,  b e tw e e n  
th e  s o lu t e  an d  th e  s o l v e n t ,  m ig h t  e x p l a i n  th e  p ro n o u n e e d  
e f f e c t  o f  c e r t a i n  s o l v e n t s  on  th e  r o t a t o r y  d i s p e r s i o n  o f  th e  
( - )  g l y c i d e  p h e n y l  e t h e r .  I f  com pound f o r m a t io n  b e tw e e n  
th e  e p o x id e  r i n g  a n d  th e  s o l v e n t ,  o r  b e tw e e n  th e  o x y g e n  o f  
th e  p h e n o l i c  e t h e r  g ro u p  an d  th e  s o l v e n t ,  w ere  th e  c a u s e ,  
th e n  i t  m ig h t  b e  e x p e c te d  t h a t  some s i m i l a r  e f f e c t  w o u ld  b e  
o b s e r v e d  i n  th e  r o t a t o r y  d i s p e r s i o n  o f  a n  o p t i c a l l y  a c t i v e  
p h e n o l i c  e t h e r ,  when d i s s o l v e d  i n  an  i n a c t i v e  e p o x id e  o r  
e t h e r .
( - ) s e c . B u t y l  p h e n y l  e t h e r  w as t h e r f o r e  p r e p a r e d , a n d  i t s  
r o t a t o r y  d i s p e r s i o n  e x a m in e d  i n  th e  hom ogeneous s t a t e ,  
i n  s o l u t i o n  i n  d i e t h y l  e t h e r ,  an d  i n  s o l u t i o n  i n  d l - p r o p y le n e  
o x id e .  The o b s e r v e d  v a r i a t i o n s  i n  th e  d i s p e r s i o n  r a t i o  w ere  
v e r y  s m a l l  , com pare d  w i t h  th o s e  o b s e r v e d  i n  th e  ( - ) g l y c i d e  
p h e n y l  e t h e r ,  b e in g  1 .7 4  i n  th e  hom ogeneous s t a t e ,  a n d
1 .7 8  i n  e t h e r  a n d  d l - p r o p y le n e  o x id e .  T h i s  s u g g e s t s  t h a t  
th e  p h e n o l i c  e t h e r  g ro u p  i s  n o t  th e  p r im a r y  c a u se  o f  th e  
a n o m a lo u s  d i s p e r s i o n  o f  th e  ( - )  g l y c i d e  p h e n y l  e t h e r  i n  
s o l u t i o n  i n  e t h e r e a l  s o l v e n t s .
F u r t h e r  e v id e n c e  m ay b e  o b t a in e d  fro m  th e  s t u d y  o f  th e  
e f f e c t  o f  te m p e ra tu re  o n  s o l u t i o n s  o f  th e  ( - ) g l y c i d e  p h e n y l  
e t h e r .  I f  two m o le c u le s  w ere to  a s s o c i a t e  t o g e t h e r  t o  fo rm  
a m o d e r a te ly  s t a b l e  com pound i t  w o u ld  be  e x p e c te d  t h a t  o n  
r a i s i n g  th e  te m p era  t i r e ,  t h i s  com pound w o u ld  te n d  to  
d i s s o c i a t e  w i t h  a  f i n a l  r e t u r n  t o  th e  s im p le  s t a t e .  I f ,  
t h e r e f o r e ,  th e  c o m p le x  a d d i t i o n  com pound b e tw e e n  s o lu t e  a n d  
s o l v e n t  w ere t o  e x h i b i t  c o m p le x  r o t a t o r y  d i s p e r s i o n ,  an d  
th e  s im p le  s u b s t a n c e  s im p le  r o t a t o r y  d i s p e r s i o n ,  th e n  i t  
w o u ld  be e x p e c te d  t h a t ,  on  r a i s i n g  th e  te m p e ra tu r e ,  th e  
b o t a t o r y  d i s p e r s i o n  o f  th e  s o l u t i o n  w o u ld  p a s s  fro m  th e  
c o m p le x  to w a rd s  s i m p l i c i t y .
H o w e ve r, a  s o l u t i o n  o f  th e  ( - ) g l y c i d e  p h e n y l  
e t h e r  i n  n - b u t y l  e t h e r , a t  room  te m p e ra tu re ,  show s co m p le x  
d i s p e r s i o n  , an d  on  w a rm in g  to  100°C th e  d i s p e r s i o n  
becom es m o re , r a t h e r  t h a n  l e s s  , c o m p le x  s in c e  th e  c u rv e  o f  
IpO A  p a s s e s  fro m  a s im p le  c u rv e  a t  room  te m p e ra tu re ,  t o  one  
w h ic h  sh ow s a  maximum a t  41°C # an d  f i n a l l y  t o  one sh o w in g  
a r e v e r s a l  o f  s i g n  a t  81°0 . I t  may t h e r e f o r e  be  c o n c lu d e d ,  
d e s p i t e  th e  l i m i t e d  r e g io n  o f  th e  sp e c tru m  e x a m in e d , t h a t  
on  r a i s i n g  th e  te m p e ra tu re  th e  d i s p e r s i o n  m oves f u r t h e r  
aw ay fro m  t h a t  show n b y  th e  hom ogeneous s u b s t a n c e .
I t  w o u ld  t h e r e f o r e  a p p e a r  t h a t  d i r e c b  com pound f o r m a t io n  
b e tw e e n  s o lu t e  a n d  s o l v e n t ,  d o e s  n o t  p r o v id e  an  e x p la n a t i o n  
o f  th e  ch an ge  i n  th e  r o t a t o r y  d i s p e r s i o n  o f  th e  ( - ) g l y c i d e  
p h e n y l  e t h e r  when d i s s o l v e d  i n  e t h e r e a l  s o l v e n t s .  F u r t h e r
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I t  i s  a  r e a s o n a b le  a s s u m p t io n  t h a t  com pound f o r m a t io n  i s  
s i m i l a r l y  n o t  d i r e c t l y  r e s p o n s i b l e  f o r  th e  a l t e r a t i o n  o f  
th e  r o t a t o r y  d i s p e r s i o n  o f  th e  hom ogeneous ( - )  g l y c i d e  p h e n y l  
e t h e r  when d i s s o l v e d  i n  o t h e r  s o l v e n t s .
( 6 )  R e s t r i c t i o n  o f  R o t a t i o n  a b o u t  S i n g l e  B o n d s
I f  s t e r i c  h in d r a n c e  i s  p o s s i b l e  a b o u t  a s i n g l e  b o n d  i n  th e  
m o le c u le ,  th e n  a new a sy m m e tr ic  c e n t r e  may be  in t r o d u c e d .
T h i s  r e s t r i c t i o n  n e e d  n o t  b e  c o m p le te  to  a f f e c t  th e  o p t i c a l  
a c t i v i t y  o f  a  su b s ta n c e #
I f  t h e re  a re  two p o s i t i o n s  A  & B  i n  w h ic h  a  g ro u p  i s  
p r e d o m in a n t ly  fo u n d  , w i t h  r e s p e c t  t o  r o t a t i o n  a b o u t  a  s i n g l e  
b o n d ,  th e n  th e  r o t i v i t y  o f  th e  s u b s t a n c e  w i l l  b e  g i v e n  b y : -  
S X  m  +  1*3 - ^  ( 1 8 )
w here nA  A n^ a r e  th e  f r a c t i o n s  o f  th e  t o t a l  num ber o f
m o le c u le s  w h ic h  a re  i n  p o s i t i o n s  A  A  B 
r e s p e c t i v e l y .
a r e  th e  r o t i v i t i e s  due to  th e s e  p o s i t i o n s  
i n  a d d i t i o n  e a c h  o f  th e  te rm s  w i l l  c o n s i s t  o f  tw o p a r t s : -
X I* *  X I0 + IV A
w here X lc *  th e  r o t i v i t y  a s s u m in g  f r e e  r o t a t i o n
th e  in c r e m e n t  o f  r o t i v i t y  due to  p o s i t i o n  A  
T h u s  when a l l  p o s i t i o n s  a re  e q u a l l y  p r o b a b le ,  th e  te rm s  
I ^ . S l ^ e t c .  c a n c e l  o u t ,  a n d  no c o n t r i b u t i o n  to  th e  r o t a t o r y  
po w e r o f  th e  m o le c u le  e n s u e s .  I f  t h e re  a re  p r e t f e r r e d  
p o s i t i o n s  a b o u t  a  s i n g l e  b o n d ,  th e n  th e  r o t i v i t y  w i l l  be  
i n f lu e n c e d  b y  th o s e  p o s i t i o n s , a n d  b y  th e  e x t e n t  t o  w h ic h  
th e y  a re  h e ld #
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S in c e  r e s t r i c t e d  r o t a t i o n  h a s  b e e n  show n to  o c c u r ,  e v e n  i n  
e th a n e  a t  room  te m p e r a tu r e ,  i t  i s  p r o b a b le  t h a t  th e  p u re  
te rm  i s  se ld o m  o b s e r v e d  e x c e p t  i n  m o le c u le s  o f  th e  ty p e  
O H B r C l I ,  i n  w h ic h  th e  v a r i o u s  a to m s a t t a c h e d  to  th e  c e n t r a l  
atom  , a r e  c i r c u l a r l y  s y m m e t r ic a l  a b o u t  th e  b o n d  a x i s .  
C o n s id e r in g  th e  r o t a t i o n  o f  a  n o n - c i r c u l a r l y  s y m m e t r ic a l  
g ro u p  a b o u t  a  b o n d  v e r t i c a l  t o  th e  p a p e r  ( I X )  i t  c a n  b e  se e n
t h a t  none o f  th e  p o s i t i o n s  o f  th e  e n e r g y  t r o u g h s  i s  
e q u iv a le n t  to  an y  o t h e r ,  s in c e  th e s e  p o s i t i o n s  w i l l  d e p e n d  
on  th e  r e l a t i v e  m a g n itu d e ,  p o l a r i s a b i l i t i e s  e t c .  o f  th e  
g r o u p s .  The m a g n itu d e  o f  th e  r e s t r i c t e d  r o t a t i o n  so  p ro d u c e d  
w i l l  depe n d  on  th e  p r o b a b i l i t y  o f  e a c h  s t a t e ,  a n d  w i l l  
g e n e r a l l y  b e  s m a l l ,  b u t  i t  i s  no  d i f f e r e n t  i n  k i n d  fro m  
th e  r e s t r i c t e d  r o t a t i o n  w h ic h  c a u s e s  o p t i c a l  a c t i v i t y  i n  th e  
d ip h e n y l  s e r i e s .
The e f f e c t  o f  t h i s  ty p e  o f  r e s t r i c t e d  r o t a t i o n  on  th e  
p r o p e r t i e s  o f  a n  o p t i c a l l y  a c t i v e  s u b s t a n c e  w i l l  b e : -
(1 )  W here one p o s i t i o n  i s  p r e d o m in a n t ly  p r e f e r r e d  f o r  e a c h  
o p t i c a l  i s o m e r ,  a  new e le m e n t  o f  d is s y m m e try  w i l l  be  
p r o d u c e d ,  w i t h  a c o r r e s p o n d in g  c o n t r i b u t i o n  to  th e  
o p t i c a l  r o t a t o r y  po w e r o f  th e  s u b s t a n c e .
(2 )  When two e q u iv a le n t  p o s i t i o n s ,  on  o p p o s i t e  s i d e s  o f  th e  
b o n d ,  a re  e q u a l l y  h e ld  th e  r e s u l t  w i l l  be  to  p ro d u c e  
d ia s t e r e o i s o m e r s .
( I X )
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Th© e f f e c t  o f  r e s t r i c t e d  r o t a t i o n  w o u ld  "be e x p e c te d  t o  d e c r e a s e
w i t h  i n c r e a s i n g  te m p e r a tu r e ,  an d  s i m i l a r l y  a  d e c r e a s e  m ig h t
be  e x p e c te d  o n  s o l u t i o n  i n  p o l a r  s o l v e n t s ,  s in c e  th e s e
a s s o c i a t e  w i t h  p o l a r  p a r t s  o f  th e  m o le c u le ,  t e n d in g  t o
n e u t r a l i s e  th e  p a r t i a l  c h a r g e s  o f  th e  d ip o le ,  an d  t h u s  m a k in g
f r e e  r o t a t i o n  e a s i e r ,  w here th e  r e s t r i c t i o n  i s  due to
(1 4 )
e l e c t r o s t a t i c  f o r c e s .  The r e s u l t s  o b t a in e d  f o r  th e
( - ) g l y c i d e  p h e n y l  e t h e r  a re  m ore i n  a c c o r d  w i t h  t h i s  m e ch an ism
th a n  w i t h  an y  o t h e r .  I f  i t  b e  a ssu m e d  t h a t  some k in d  o f
A
i n t e r a c t i o n  t a k e s  p l a c e  b e tw e e n  th e  h y d ro g e n  a to m s i n  th e
'J K
o r t h o  p o s i t i o n  i n  th e  b e n ze n e  n u c le u s ,  a n d  th e  -O H  -  GHg 
g ro u p  o f  th e  m o le c u le ,  i t  m ay b e  show n t h a t  o n ly  one p r e f e r r e d  
p o s i t i o n  e x i s t s ,  s o  t h a t  a n o th e r  c e n t r e  o f  d is s y m m e tr y  i s  
in t r o d u c e d ,  th e  p h e n y l  g ro u p  i t s e l f  b e in g  a f f e c t e d .
A s  h a s  b e e n  p o in t e d  o u t  e a r l i e r  i t  i s  n o t  n e c e s s a r y  
t h a t  r e s t r i c t i o n  o f  r o t a t i o n  s h o u ld  be  c o m p le te  f o r  a n  e f f e c t  
t o  b e  p ro d u c e d  on  th e  r o t a t o r y  d i s p e r s i o n ,  b u t  m e r e ly  t h a t  
a t  a n y  g i v e n  i n s t a n t  m ore m o le c u le s  a re  t o  be  fo u n d  i n  one  
p o s i t i o n ,  w i t h  r e s p e c t  to  r o t a t i o n  a b o u t  a  s i n g l e  b o n d ,  t h a n  
i n  a n y  o t h e r  p o s i t i o n ,  th o u g h  th e  m a g n itu d e  o f  th e  e f f e c t  
i n  t h i s  c a se  w o u ld  s u g g e s t  t h a t  th e  p re d o m in a n c e  o f  one  
p o s i t i o n  i s  l a r g e  •
H y d ro g e n  b o n d in g  p r o v id e s  th e  m o s t  r e a d y  e x p la n a t i o n
o f  th e  p o s t u l a t e d  a f f i n i t y  b e tw e e n  th e  h y d ro g e n  a to m s o f  th e
0
b e n z e n e  n u c le u s  a n d  th e  -C H -b H 2 g ro u p .  The p o s s i b i l i t i e s  
o f  s u c h  b o n d in g  h a r e  b e e n  r e v ie w e d  b y  H u n te r  a s  f o l l o w s : -
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"H y d ro g e n  b o n d in g  o f  th e  ty p e  OH-O an d  C H -N  1 b  so  weak t h a t  
i t  i s  m a n i f e s t e d  o n ly  t in d e r  th e  i n f lu e n c e  o f  a c t i v a t i n g  a to m s,  
o r  g r o u p s  t e n d in g  t o  p ro m o te  th e  i o n i s a t i o n  o f  th e  h y d ro g e n  
ato m , a s  i n  c h lo r o fo r m ,  h y d ro g e n  c y a n id e  a n d  p h e n y l  a c e t y le n e *  
E v e n  u n d e r  th e s e  c o n d i t io n s  i t  a p p e a r s  n o t  to  h ave  b e e n  
d e te c t e d  b y  m o le c u la r  w e ig h t  m e th o d s ,  e x c e p t  p e r h a p s  i n  
h y d ro g e n  c y a n id e .  H ow ever th e  a p p l i c a t i o n  o f  m ore s e n s i t i v e  
m e th o d s show s th e  e x i s t e n c e  o f  i n t e r m o le c u la r  b o n d in g  o f  a  
weak ty p e ,  an d  th e  p a r t i c i p a t i o n  o f  OH g r o u p s  i n  c h e la t e  
h y d ro g e n  b o n d  f o r m a t io n  h a s  f r e q u e n t ly  b e e n  p o s t u la t e d  to  
a c c o u n t  f o r  c e r t a i n  a n o m a l ie s  i n  th e  d i - s u b s t i t u t e d  d e r i v a t i v e s  
o f  be n ze n e  an d  o t h e r  com pounds. F o r  exam p le  th e  s u p e r io r  
v o l a t i l i t y  o f  o - n i t r o  t o lu e n e  h a s  b e e n  a t t r i b u t e d  to  c h e la t e  
h y d ro g e n  b o n d in g " .  The e v id e n c e  fro m  o t h e r  s o u r c e s  
r e f e r r i n g  to  su c h  a m e ch an ism  i s  n o t  s t r o n g ,  b u t  R u l e ( 7 4 ) 
h a s  s u g g e s t e d  t h a t  m e a su re m e n ts  o f  o p t i c a l  a c t i v i t y  may be  
m ore s e n s i t i v e  to  t h i s  ty p e  o f  b o n d in g  th a n  th e  u s u a l  m e th o d s  
o f  d e t e c t io n .
o - N i t r o  t o lu e n e  p r e su m a b ly  r e t a i n s  i t s  c h e la t e  b o n d  f o r m a t io n  
up t o  i t s  b o i l i n g  p o i n t ,  b u t  i t  i s  p o s s i b l e  t h a t  a  weak ty p e  
o f  h y d ro g e n  b o n d  , s u c h  a s  i s  p o s t u la t e d  f o r  g l y c i d e  p h e n y l  
e t h e r ,  w o u ld  b e  d i s r u p t e d  a s  the  te m p e ra tu re  o f  th e  l i q u i d
i s  r a i s e d .  ~
A rg u m e n ts  d e v e lo p e d  i n  t h i s  t h e s i s  c o n c e r n in g  th e  r e s t r i c t i o n  o f  
r o t a t i o n  i n  g l y c i d e  p h e n y l  e t h e r ,by weak h y d ro g e n  b o n d  fo r m a t io n ,  
a p p ly  e q u a l l y  to  a  m e ch an ism  s i m i l a r  to  t h a t  p o s t u la t e d  to  
a c c o u n t  f o r  th e  re a r ra n g e m e n t  o f  p h e n y l  a l l y l  e t h e r *  : -
c . f . / N 5* ?  / V "<f>*v
O H
r.cu. f|W'.CH
( s e e  p a g e  •27)
• I n g o i d j  Ann. Rep. 1 9 2 6 .  IB * . .  j T a r b e l ,  Chem. R e v . ,^ 7 ,4 9 5 . (1 9 4 0
60
0 The E f f e c t  o f  T e m p e ra tu re  o n  th e  R o t a t o r y  D i s p e r s i o n  o f
( - ) G ly c id e  P h e n y l E t h e r
When th e  te m p e ra tu re  o f  a  l i q u i d  i s  r a i s e d  th e  m o le c u le s  
a c q u i r e  i n c r e a s e d  fre e d o m  o f  r o t a t i o n  a b o u t  s i n g l e  b o n d s ,  
w h ic h  , Kauzm ann W a l t e r  a n d  E y r in g ^ 7 1  ^ s t a t e ,  r e s u l t s  i n  
a  d im in u t io n  o f  th e  f i r s t  o r d e r  c o n t r i b u t i o n s  to  th e  r o t a t o r y  
p o w e r ,a n d  th u s  i n  a  lo w e r in g  o f  th e  s p e c i f i c  r o t a t o r y  p o w e r.  
I n  a d d i t i o n  th e  r o t a t o r y  pow er w i l l  be  lo w e re d  s t i l l  f u r t h e r  
a s  a  r e s u l t  o f  th e  d e c r e a s e d  d e n s i t y ,  w h ic h  c a u s e s  l o w e r in g  
o f  th e  r e f r a c t i v e  in d e x  ( s e e  e q u a t io n  9 ) .  T h i s  p r o v id e s  
a n o th e r  a rgu m e n t i n  f a v o u r  o f  th e  u se  o f  th e  r o t i v i t y ,  
a s  b e in g  a m ore fu n d a m e n ta l q u a n t i t y  t h a n  th e  s p e c i f i c  
r o t a t o r y  pow e r.
R a i s i n g  th e  te m p e ra tu re  s h o u ld  have  m uch l e s s  e f f e c t  on  
com pounds w i t h  a  r i g i d  s t r u c t u r e ,  s u c h  t h a t  th e  r o t a t i o n  
o f  th e  g r o u p s  w h ic h  a f f e c t  th e  r o t a t o r y  pow er i s  p r e v e n te d ,  
th a n  i n  th e  c a s e  o f  open  c h a in  m o le c u le s .  R e d u c t io n  i n  th e  
r o t a t o r y  pow er o f  s u c h  m o le c u le s  c o n se q u e n t  u p o n  in c r e a s e d  
t e m p e r a tu r e , w o u ld  b e  due to  th e  r e d u c t io n  o f  th e  r e f r a c t i v e  
in d e x ,  a n d  p o s s i b l y  a l s o  to  a n  a l t e r a t i o n  o f  th e  m o le c u la r  
fra m e w o rk , s u c h  a l t e r a t i o n s  w o u ld  be s m a l l .
T h e re  i s  a  f u r t h e r  e f f e c t  o f  te m p e ra tu re  in c r e a s e  t o  be  
c o n s id e r e d ,  n a m e ly  th e  p o s s i b i l i t y  t h a t  th e  e n e rg y  l e v e l s
[M] r  aftg TTVN . > ^ 1. P> (9 )
V -  3 1
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o f  th e  m o le c u le  m ay b e  a l t e r e d ,  t h u s  c a u s in g  a  ch an ge  i n
th e  g r o u n d  a n d  e x c i t e d  B t a t e s  w h ic h  make up  th e  f a c t o r s
^ b i a i  e t c * w h * c l1  t o g e t h e r  fo rm  th e  te rm  /3 f ( s e e  p a g e  1 8 ) ,
i n  e q u a t io n  ( 9 ) .  T h i s  m ay o c c u r  even  i n  i s o l a t e d  m o le c u le s ,
(1 4 )
a s  f o r  e x am p le  i n  th e  d i l u t e  v a p o u r v a n d  i s  n o t
n e c e s s a r i l y  d e p e n d e n t o n  i n t e r a c t i o n  w i t h  o t h e r  m o le c u le s .
K e n y o n  a n d  P i c k a r d ^ 7 6 ) show ed  t h a t ,  i n  th e  c a r b in o l  s e r i e s  
R .C H (O H ) . 0 1 1( 0 1 1 3 ) 2  , t h e  maximum d e c r e a s e  i n  r o t a t o r y  po w e r  
p e r  100°0 r i s e  i n  te m p e ra tu re  w as 20$ f o r  R * E t h y l ,  a n d  10$  
f o r  th e  h i g h e r  h o m o lo g u e s .  C a r b in o l s  o f  th e  g e n e r a l  f o r m u la  
R .C H (O H ) .C H g ^ 7 7 ) show ed  a  s i m i l a r  d e c r e a s e .  A  m e a su re  i s  
t h u s  p r o v id e d  o f  th e  r e d u c t i o n  i n  r o t a t o r y  p o w e r, t o  be
(7 8 )
e x p e c te d  i n  s im p le  open  c h a in  m o le c u le s .  K e n y o n  a n d  P i c k a r d  
a l s o  e x am in e d  th e  e f f e c t  o f  te m p e ra tu re  on  1 -m e n t h o l ,  an d  
show ed t h a t  th e  r o t a t o r y  po w e r w as n e a r ly  c o n s t a n t  o v e r  a  
r a n g e  o f  100°0 . W h i l s t  G o re  a n d  L o w r y (7 9 ) show ed  t h a t  th e  
d i f f e r e n c e  b e tw e e n  th e  r o t a t o r y  pow er o f  aam phor , i n  s o l u t i o n  
i n  c y c lo h e x a n e  a t  2 0 ° 0  , a n d  i n  th e  v a p o u r  s t a t e  a t  180°0 , 
w as o n ly  some 23$ i n  th e  r e g i o n  o f  a b s o r b t io n .
T h e se  r e s u l t s  t h e r e f o r e  s u p p o r t  th e  c o n c lu s i o n  t h a t  o p e n  
c h a in  com pounds show  o n ly  a  s m a l l  d e c r e a s e  i n  t h e i r  s p e c i f i c  
r o t a t o r y  p o w e rs  w i t h  r i s e  i n  te m p e r a tu re ,  a n d  t h a t  u n d e r  
s i m i l a r  c o n d i t i o n s ,  th e  e f f e c t  o f  te m p e ra tu re  o n  c lo s e d  r i n g  
com pounds i s  e v e n  s m a l le r .
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The hom ogeneous ( - ) g l y c i d e  p h e n y l  e t h e r  show s a m arke d  
r e d u c t io n  i n  r o t a t o r y  pow er a n d  d i s p e r s i o n  r a t i o  w i t h  
r i s e  i n  te m p e ra tu re ,  a s  show n : -
T a b le  V
m p e ra tu re foe] 4358
° 0 5461 LbQ 5461
2 5 .5 2 6 .8 1 .6 2
4 2 .8 2 3 .5 1 .5 8
61 1 9 .8 1 .5 8
80 1 6 .7 1 .5 5
98 1 4 .3 1 .5 3
141 8 .3 1 .4 2
174 5 .5 1 .2 4
T h i s  m ark e d  r e d u c t io n  i n  th e  r o t a t o r y  pow er w i t h  i n c r e a s i n g  
te m p e r a tu re ,  t o g e t h e r  w i t h  th e  a c c o m p a n y in g  chan ge  i n  th e  
d i s p e r s i o n  r a t i o ,  l e n d s  w e ig h t  to  th e  v ie w  t h a t  th e  c a u se  
o f  th e  a n o m a lo u s  d i s p e r s i o n  i s  n o t  t o  be fo u n d  i n  th e
i  * 0
v i c i n a l  a c t i o n s  o f  th e  s o lv e n t : ,  b u t  i s  due to  a ch an ge  i n  
th e  m o le c u la r  s t a t e .  I n  th e  d i s c u s s i o n  o f  s o lv e n t  a c t i o n  
i t  w as p o in t e d  o u t  t h a t  r e s t r i c t e d  r o t a t i o n  o f  th e  s i d e  c h a in  
o f  g l y c i d e  p h e n y l  e t h e r  c o u ld  p r o v id e  a f a i r l y  s a t i s f a c t o r y  
e x p la n a t i o n  o f  th e  o b s e r v e d  r o t a t o r y  d i s p e r s i o n ;  t h i s  
e x p la n a t i o n  i s  a l s o  v a l i d  f o r  th e  e f f e c t  o f  te m p e ra tu re .
The r e s u l t s  o f  G e r r a r d  a n d  K e n y o n ( 6 0 ) f o r  d -p h e n y l  b e n z y l  
c a r b in o l  a re  som ew hat a n a lo g o u s
D i s p e r s i o n  R a t i o  
3 1 .8 2 *  = 61 .90°  1 .9 4
fccV”L  6.51° Lo s A  = 16 .70°  2 .5 6U A m
t h u s  on  r a i s i n g  th e  te m p e ra tu re  b y  65°0  th e  r o t a t o r y  pow er  
f o r  X  *54 61  A  d ro p p e d  to  20$ o f  i t s  fo rm e r  v a lu e .  The d -p h e n y l
b e n z y l  c a r b in o l  a l s o  b e h a v e d  i n  a  h i g h l y  a n o m a lo u s  m anner  
when d i s s o l v e d  i n  s o l v e n t s ,  th e r e  b e in g  no a p p a r e n t  c o n n e c t io n  
b e tw e e n  th e  p o l a r i t y  o f  th e  s o l v e n t  a n d  th e  r o t a t o r y  p ow e r  
o f  th e  s o l u t e ,  o r  th e  d i s p e r s i o n  r a t i o *  M e t h y l  b e n z y l  
c a r b i n o l ,  on  th e  o t h e r  h a n d , show ed no d ependence  o f  r o t a t o r y  
pow er on  te m p e ra tu re ,  o t h e r  th a n  m ig h t  be  a t t r i b u t e d  to  
a l t e r a t i o n  i n  r e f r a c t i v e  i n d e x : -  [ o t T *  2 6 .5 6 °  2 6 .2 6 ° ,
"ft s
i t s  n - a l k y l  e t h e r s  b e h a v e d  s i m i l a r l y ,  e x c e p t  th e  m e th y l e t h e r  
w h ic h  show ed a  la r fe e  te m p e ra tu re  d ependence  i n  i t s  r o t a t o r y  
p o w e r, th e  d i s p e r s i o n  r a t i o  b e in g  s l s o  s l i g h t l y  a f f e c t e d .
T h e re  seem s t o  be  l i t t l e  r e a s o n  why p h e n y l  b e n z y l  c a r b in o l  
s h o u ld  show  a m uch g r e a t e r  te n d e n c y  t o  m o le c u la r  a s s o c i a t i o n  
th a n  m e th y l b e n z y l  c a r b i n o l ,  so  t h a t  th e s e  r e s u l t s ,  a l s o ,  
m ig h t  b e  i n t e r p r e t e d  on  th e  b a s i s  o f  r e s t r i c t e d  r o t a t i o n  
c a u s e d  b y  th e  i n t r o d u c t i o n  o f  a  p h e n y l  g r o u p .
The r o t a t o r y  d i s p e r s i o n  o f  ( - ) g l y c i d e  p h e n y l  e t h e r  , i n  
n - b u t y l  e t h e r  s o l u t i o n ,  c h a n g e s  p r o g r e s s i v e l y  w i t h  r i s e  i n  
te m p e ra tu re .  A t  41 °0 a n  i n f l e x i o n  ( i n  th e  c u rv e  o f k % )  
o c c u r s  i n  th e  v i s i b l e  r e d  r e g io n  o f  th e  sp e c tru m  an d  a  
maximum i n  th e  b lu e  r e g io n .  A t  80°0 b o t h  th e s e  have  d is a p p e a r e d  
a n d  a  r e v e r s a l  o f  s i g n  o c c u r s  i n  th e  g re e n .  The te m p e ra tu re  
e f f e c t  i n  t h i s  s o l u t i o n  i s  i n  the  same d i r e c t i o n  a s  i n  th e  
hom ogen eous s u b s t a n c e ,  b u t  i s  m uch m ore p ro n o u n c e d .  T h e se  
o b s e r v a t i o n s  a r e  i n  a c c o r d  w i t h  th e  v ie w  t h a t  i n t e r n a l  a s s o c i a t  
- i o n  o c c u r s  i n  hom ogen eous g l y c i d e  e t h e r  a t  room  te m p e ra tu re ,  
w h ic h  i s  p a r t l y  b r o k e n  down o n  r a i s i n g  th e  te m p e ra tu re .
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The R e l a t i o n  B e tw e e n  th e  R o t a t o r y  D i s p e r s i o n ,  a n d  th e  S t r u c t u r e
O f  G ly c id e  P h e n y l  E t h e r
I n  th e  f o r e g o i n g  s e c t i o n s  i t  h a s  b e e n  show n t h a t  th e  
a n o m a lo u s  r o t a t o r y  d i s p e r s i o n  o f  th e  ( - ) g l y c i d e  p h e n y l  
e t h e r  may b e  due t o  e i t h e r  o f  tw o m e c h a n is m s : -
( a )  In t e r m o le c u la r  a s s o c i a t i o n  b e tw e e n  m o le c u le s  o f  th e  
h om ogen eous com pound.
(b )  In t r a m o le c u l a r  r i n g  f o r m a t io n .
I t  i s  t h e r e f o r e  p r o p o s e d  t o  c o n s id e r  th e s e  tw o m e c h a n ism s  
i n  g r e a t e r  d e t a i l .
The e f f e c t  o f  i n c r e a s i n g  th e  te m p e ra tu re  o f  th e  h om ogen eous  
s u b s t a n c e ,  i s  t o  c a u se  i t s  r o t a t o r y  d i s p e r s i o n  to  s im u la t e  
t h a t  show n b y  i t s  s o l u t i o n s  i n  p o l a r  s o l v e n t s .
C o m p a r is o n  w i t h  th e  r e s u l t s  o f  o t h e r  w o r k e r s ^ 7 6 >  ^ m akes  
i t  c e r t a i n  t h a t  th e  l a r g e  ch a n ge  i n  th e  r o t a t o r y  d i s p e r s i o n ,  
w h ic h  i s  p ro d u c e d  b y  i n c r e a s i n g  th e  temp e ra  t i r e  o f  th e  
hom ogeneous s u b s t a n c e ,  i s  due to  a  ch a n ge  i n  th e  s t a t e  
o f  th e  m o le c u le ,  s in c e  th e  c h a n g e s  i n  th e  e x t e r n a l  f i e l d  
due t o  th e  r i s e  i n  te m p e ra tu re  , w o u ld  n o t  d i r e c t l y  
a f f e c t  th e  ch ro ra o p h o re s  o f  th e  m o le c u le  s u f f i c i e n t l y  
to  a c c o u n t  f o r  th e  m a g n itu d e  o f  th e  e f f e c t .
S in c e  th e  d i s p e r s i o n  r a t i o  o f  th e  h om ogen eous s u b s t a n c e ,  
a t  1 4 1 ° C , i s  1 .4 2  , th e  r o t a t o r y  d i s p e r s i o n  a t  t h i s  
te m p e ra tu re  m u s t  b e  c o m p le x ;  b u t  s in c e  i n c r e a s i n g  th e
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te m p e ra tu re  e n c o u r a g e s  f r e e  r o t a t i o n  a n d  t e n d s  t o  d i s r u p t  
a s s o c i a t i o n  c o m p le x e s ,  a t  a  h i g h  te m p e ra tu re  th e  com pound i s  
i n  a s im p le r  m o le c u la r  s t a t e  tn a n  a t  room  te m p e ra tu re  , 
i . e .  th e  s im p le  m o le c u le  o f  g l y c i d e  p h e n y l  e t h e r  h a s  a 
m ore c o m p le x  r o t a t o r y  d i s p e r s i o n  th a n  th e  c o m p le x  m o le c u le ;  
i n  w h ic h  th e  i n c r e a s e d  d is s y m m e try ,  c o n se q u e n t  u p o n  th e  
r e s t r i c t i o n  o f  th e  fre e d o m  o f  r o t a t i o n ,  p r o d u c e s  a  p a r t i a l  
r o t a t i o n  w h ic h  l a r g e l y  n u l l i f i e s  one o f  th e  te rm s  o f  th e  
D rud e  e q u a t io n  o f  th e  s im p le  m o le c u le .
I t  m ay be  show n ( s e e  a p p e n d ix )  t h a t ,  w h i le  th e  r o t a t o r y  
d i s p e r s i o n  o f  th e  hom ogen eous g l y c i d e  p h e n y l  e t h e r  may 
be r e p r e s e n t e d  b y  a  tw o -te rm  D rud e  e q u a t i o n , ( a  th r e e - t e r r a  
e q u a t io n  g i v e s  o n ly  a  s l i g h t  im p ro v e m e n t),  a  t h r e e - t e r m  
e q u a t io n  i s  r e q u i r e d  t o  r e p r e s e n t  th e  r o t a t o r y  d i s p e r s i o n  
o f  i t s  e t h e r e a l  s o l u t i o n  (w hen t h i s  i s  c a l c u l a t e d  p a r t l y  
fro m  th e  w a v e le n g t h s  o f  a b s o r p t io n  b a n d s ) .
C o m p a r is o n  o f  th e  c o n s t a n t s , o b t a in e d  b y  t h i s  m eth od  f o r  th e
b e s t  t h r e e - t e r m  e q u a t io n s *  o f  ( a )  th e  hom ogeneous s u b s t a n c e ,
a n d  (b )  i t s  s o l u t i o n  i n  d i e t h y l  e t h e r  ( b o t h  b a s e d  on  th e  same
a b s o r p t io n  b a n d s ) , sh o w s t h a t  i n  th e  e t h e r e a l  s o l u t i o n  th e
c o n t r i b u t i o n  o f  th e  2 8 2 0 ,2 7 0 0  A 1300  A . b a n d s  i s  i n c r e a s e d
b y  f a c t o r  30 , 25 , a n d  2 r e s p e c t i v e l y ,  ab o ve  th e  v a lu e s
*  ( a )  1 0 3  *  -  1 .5 5 4 ,6 7 4  + 2 .0 4 7 .9 2 4  -  8 .7 7 2 .5 5 9
X’- 0 . 079624  X '-O . 072900 X>-0. 016900
(b )  [o Q  = -  4 0 .1 2 2 ,9 5 6  + 6 0 .9 0 1 ,5 5 7  - 1 4 .4 6 2 .8 5 9
\ v- 0 .  079524  V — 0. 072900 X '--0 .0 1 6 9 0 0
0 - 3  *  -  p  ♦  a    s ------
V-
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p w t a i n i n g  t o  th e  hom ogen e ou s m a t e r i a l .  T h u s ,  i n  e t h e r e a l  
s o l u t i o n ,  th e  d i f f e r e n c e  b e tw e e n  th e  r o t a t i o n  c o n s t a n t s  o f  
th e  two b a n d s  i n  th e  2800  A  r e g io n ( w h ic h  a r e  o p p o s i t e  i n  s i g n ) ,  
becom es o f  th e  same o r d e r  a s  th e  r o t a t i o n  c o n s t a n t  o f  th e  
b a n d  i n  th e  Schum ann  r e g io n ,  an d  o p p o s i t e  i n  s i g n  t o  i t .
The o b s e r v e d  r o t a t i o n  i s , t h u s ,  m uch re d u c e d  , an d  th e  a n o m a ly  
becom es m ore m ark e d  th a n  i n  th e  hom ogeneous m a t e r i a l .  I n  th e  
hom ogeneous m a t e r i a l  t h i s  d i f f e r e n c e  b e tw e e n  Mp "  an d  " q "  
i s  o f  th e  o r d e r  o f  one t e n t h  o f  Mr "  th e  r o t a t i o n  c o n s t a n t  
o f  th e  b a n d  i n  th e  Schum ann r e g io n .
T h u s  th e  m o st  s i g n i f i c a n t  e f f e c t  o f  th e  s o l u t i o n  i n  e t h e r  
i s  t o  in c r e a s e  c o n s id e r a b ly  th e  f i r s t  o r d e r  c o n t r i b u t i o n  o f  
th e  b en ze n e  n u c le u s .
A  s i m i l a r  c o n c lu s i o n  may b e  draw n  fro m  th e  p o s i t i o n  o f  th e  
maximum a n d  r e v e r s a l  o f  s i g n ( i n  th e  c u rv e  o f  show n b y  a  
s o l u t i o n  o f  th e  ( - ) g l y c i d e  p h e n y l  e t h e r  i n  n - b u t y l  e t h e r .
T h e se  p o i n t s  a r e  r e l a t e d  t o  th e  c o n s t a n t s  o f  a tw o -te rm  
e q u a t io n  b y  th e  f o l l o w i n g  e x p r e s s io n s ^ 1 4 -*
w here  *  w a v e le n g t h  o f  maximum *  w a v e le n g th  o f  r e v e r s a l
o f  s i g n
K A v  *  w a v e le n g th  o f  1 s t .  a n d  2nd o p t i c a l l y  a c t i v e  b a n d s .
A  a r e  th e  c o r r e s p o n d in g  r o t a t i o n  c o n s t a n t s .
E i t h e r  o f  th e s e  r e l a t i o n s  e n a b le  th e  r a t i o  o f  K q /K g  t o  be  
c a l c u l a t e d ,  i f  th e  w a v e le n g t h s  o f  th e  a b s o r p t io n  b a n d s  a re  
assu m e d . The maximum ( w i t h  2820A A  \ = 1 3 0 0 )  y i e l d s  
K j / ^ 2  * 0 . 6 7  f o r  th e  s o l u t i o n  a t  4 1 ° C , w h i l s t  th e  r e v e r s a l  o f
’•:axi;-.iu_v. R e v e r s a l  o f  S i g n
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s i g n  y i e l d s  K 1 / K 2  * 0 * 7 5 ,  f o r  th e  s o l u t i o n  a t  100°0. B o t h  
t h e s e  r e s u l t s  a re  s l i g h t l y  h i g h e r  th a n  th e  v a lu e  o f  0 .6 4  
f o r  th e  s o l u t i o n  i n  d i e t h y l  e t h e r  ( o b t a in e d  b y  r e d u c in g  th e  
t h r e e - t e r m  e q u a t io n  t o  a  tw o -te rm  e q u a t io n  w i t h  \ * \  a s  a b o v e ) *
I n  th e  ab o ve  d i s c u s s i o n  i t  h a s  b e e n  a ssu m e d  t h a t  th e  p o s i t i o n  
o f  th e  o p t i c a l l y  a c t i v e  a b s o r p t io n  b a n d s  i s  u n a f f e c t e d  b y  
th e  s o l u t i o n  i n  s o l v e n t s ,  s in c e  th e  d is p la c e m e n t  o f  th e  b a n d s  
i s  n o t  l i k e l y  t o  be  l a r g e  e n o u gh  t o  a l t e r  th e  o r d e r  o f  
m a g n itu d e  o f  th e  v a r i o u s  te rm s o f  th e  D ru d e  e q u a t io n .
A n  e x p e r im e n t a l  d e t e r m in a t io n  o f  th e  e f f e c t  o f  e t h e r e a l  
s o l v e n t s  on  th e  a b s o r p t i o n  sp e c tru m  o f  g l y c i d e  p h e n y l  e t h e r  
i s , h o w e v e r ,  a w a it e d  w i t h  i n t e r e s t .
A s  th e  r o t a t o r y  d i s p e r s i o n  o f  p h e n o l i c  e t h e r e  seem s t o  h ave  
b e e n  o n ly  c u r s o r i l y  e x a m in e d , i t  w as c o n s id e r e d  d e s i r a b l e  
t o  p r e p a r e  a sp e c im e n  o f  a c t i v e  s e c . o c t y l  p h e n y l  e t h e r  f o r  
th e  o b s e r v a t i o n  o f  i t s  r o t a t o r y  d i s p e r s i o n  i n  the  u l t r a - v i o l e t  
r e g io n  o f  th e  sp e c tru m . A l t h o u g h  , i n  th e  r e g io n  e x a m in e d ,  
d e ^  to  3300  A. th e  p l o t  o f  & /x ^ fo r  t h i s  s u b s t a n c e  i s  a  s t r a i g h t  
l i n e ,  i t  i s  p r o b a b le  t h a t  th e  d i s p e r s i o n  i s  r e a l l y  c o m p le x  
s in c e  th e  d i s p e r s i o n  c o n s t a n t s ,  o b t a in e d  fro m  d i f f e r e n t  
p a i r s  o f  w a v e le n g th s  b y  m eans o f  a one te rm  e q u a t io n ,  ( T a b le  V I)  
v a r y  b y  some 12$ , w h ic h  i s  u n l i k e l y  t o  be  due to  e x p e r im e n t a l  
e r r o r .  The f i g u r e s  h a v e  a m inim um  v a lu e ,  w h ic h  c o r r e s p o n d s  
t o  a n  i n f l e x i o n  o n  th e  c u rv e  o f  CoCT/>  a n d  & /Av • The  
o c c u r r e n c e  o f  t h i s  i n f l e x i o n  w o u ld  n e c e s s i t a t e  tw o te rm s  o f
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o p p o s ite  s ig n  i n  th e  D rude e q u a t io n .
T a b le  V I
( - )  S e c . O c t y l  P h e n y l  E t h e r
W a v e le n g th s  u s e d  i n  the  
C a l c u l a t i o n  o f  e q u a t io n
X 0 ( c a l c u l a t e d  fro m  
a o n e -te rm  e q u a t io n )
6438  A 5461 A 2574 A
5461 4358
4358 3827
3527 3310
2322
2264
2553
S in c e  th e  a lk o x y  g ro u p  i s  know n t o  h ave  a  s t r o n g  i n f lu e n c e  
on  th e  a b s o r p t io n  o f  th e  b e n ze n e  n u c le u s  (T a b le  I I I ) ,  an d  
f u r t h e r  s in c e  th e  n u c le u s  l ia s  b e e n  show n to  be  s u b j e c t  to  
v i c i n a l  a c t i o n s  i n  g l y c i d e  p h e n y l  e t h e r ,  i t  i s  p o s s i b l e  t h a t  
th e  a b s o r p t io n  b a n d  a t  2800 A i n  s e c .  o c t y l  p h e n y l  e t h e r  
m ay a l s o  be  o p t i c a l l y  a c t i v e .  The v a lu e s  f o r  X0 m ust  
t h e r e f o r e  l i e  b e tw e e n  th e  b a n d  a t  2800 A an d  a  f u r t h e r  b a n d  
i n  th e  Schum ann r e g io n .
T h u s  b o t h  g l y c i d e  p h e n y l  e t h e r  an d  o c t y l  p h e n y l  e t h e r  
show  com p le x  d i s p e r s i o n .
The ch an ge  i n  th e  r o t a t o r y  d i s p e r s i o n  o f  th e  ( - ) g l y c i d e  p h e n y l  
e t h e r  a s  a r e s u l t  o f  i t s  s o l u t i o n  i n  d i f f e r e n t  s o l v e n t s  c a n  
be a s c r ib e d  to  e i t h e r  i n t e  m o l e c u l a r  a s s o c i a t i o n  o r  
i n t r a m o le c u la r  r i n g  f o r m a t io n .  The q u e s t io n  a r i s e s  a s  to  
how th e s e  tw o m e c h a n ism s  ca n  b r i n g  a b o u t  t h i s  c h a n ge .
Im p o r t a n t  i n  t h iB  c o n n e c t io n  i s  th e  p r i n c i p l e  o f  O p t i c a l
(6 2 )  (8 3 )
S u p e r p o s i t i o n  o f  v a n * t  H o f f  , an d  Guy© a n d  G a u t ie r
/sV
w h ic h  s u g g e s t s  t h a t  th e  c o n t r i b u t i o n  o f  e a c h  a sy m m e tr ic  
c a rb o n  atom  t o  th e  t o t a l  r o t a t o r y  pow er o f  th e  m o le c u le
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i s  in d e p e n d e n t  o f  th e  c o n f i g u r a t i o n s  o f  th e  o t h e r  a to m s.
G uye a n d  G a u t ie r  e x p r e s s e d  t h i s  a s  f o l l o w s
(1 )  I n  a  m o le c u le  c o n t a i n i n g  s e v e r a l  a s y m m e tr ic  c a r b o n  a to m s  
e a c h  o f  them  b e h a v e s  a s  i f  th e  r e s t  o f  th e  m o le c u le  w ere  
i n a c t i v e .
(2 )  The o p t i c a l  e f f e c t s  o f  th e  d i f f e r e n t  c a rb o n  a to m s i n  th e  
same m o le c u le  c a n  b e  ad d e d  a l g e b r a i c a l l y .
A s  a  r e s u l t  th e  r o t a t o r y  p ow e r o f  m o le c u le  c o n t a in i n g  s e v e r a l  
a sy m m e tr ic  c a rb o n  a to m s w i l l  be  e q u a l  to  th e  a l g e b r a i c  sum  
o f  th e  r o t a t o r y  p o w e rs  o f  e a c h  a sy m m e tr ic  a tom . T h i s  p r i n c i p l e  
a p p l i e s  o n ly  w here th e  d i f f e r e n t  a sy m m e tr ic  a to m s d i f f e r  i n  
c o n f i g u r a t i o n  a lo n e .  B u t  i t  m ay be  a p p l i e d  w i t h  c a u t i o n  
t o  th e  p ro b le m  o f  a s s o c i a t i o n  be tw ee n  m o le c u le s  s u c h  a s  
g l y c i d e  p h e n y l  e t h e r ,  s u b s t i t u t i n g  th e  te rm  " c e n t r e  o f  
d is s y m m e tr y "  f o r  " a s y m m e t r ic  a to m ".
(74
A s s o c i a t i o n  i s  b e l i e v e d  t o  ta k e  p la c e  b e tw e e n  e t h e r  m o le c u le s ; 73 )  
i f  t h i s  w ere t o  o c c u r  so  t h a t  two m o le c u le s  o f  g l y c i d e  p h e n y l  
e t h e r  w ere l i n k e d  b y  w eak f o r c e s  fro m  th e  e t h e r e a l  o x y g e n
1
a to m s th e n  th e  a l t e r a t i o n  i n  the  v i c i n a l  a c t i o n s  o w in g  to  th e  
a s s o c i a t i o n  w o u ld  b e  s m a l l .  A  s l i g h t  i n c r e a s e  i n  th e  r o t a t o r y  
po w e r m ig h t  b e  e x p e c te d ,  a s  a r e s u l t  o f  th e  in c r e a s e d  r e s t r i c t i o n  
o f  r o t a t i o n  , b u t  th e  t o t a l  e f f e c t  w o u ld  n o t  b e  l a r g e  e n o u gh  
t o  e x p l a i n  th e  o b s e r v e d  a l t e r a t i o n  i n  th e  r o t a t o r y  d i s p e r s i o n  
o f  g l y c i d e  p h e n y l  e t h e r  when d i s s o l v e d  i n  p o la r ,  s o l v e n t s .
I f  , h o w e ve r, a s s o c i a t i o n  w ere to  o c c u r  t h r o u g h  th e  o x y g e n  a tm s  
i n  th e  e p o x id e  r i n g ,  th e n  some m o d i f i c a t i o n  i n  th e  f r e q u a n c y
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and  a c t i v i t y  o f  t h i s  ch rom oph ore  w o u ld  b e  e x p e c te d ;  i t  w o u ld  
h o w e ver h ave  l e s s  i n f l u e n c e  on  th e  p a r t i a l  r o t a t i o n  o f  th e  
p h e n y l  g r o u p ,  w h ic h  h a s  b e e n  show n to  be  m a i l y  r e s p o n s i b l e  
f o r  th e  ch an ge  i n  th e  r o t a t o r y  d i s p e r s io n #
I t  m ay h ow e ver be  t h a t  a s s o c i a t i o n  t a k e s  p la c e  a t  two p o i n t s  
i n  th e  m o le c u le ,  c o r r e s p o n d in g  to  i t s  two o x y g e n  a to m s. T h i s  
a s s o c i a t i o n  may b e  a c h ie v e d  i n  two w a y s : -
(1 )  The m o le c u le s  m ay l i e  p a r a l l e l  to  one a n o th e r  an d  i n  
th e  same d i r e c t i o n  , a s  show n ( X ) : -
The ab o ve  d im e r  h a s  no  p la n e  o f  sjmxmetry s in c e  b o t h  h a lv e s  
a re  o f  th e  same c o n f i g u r a t i o n .  I n  t h i s  c a s e ,  i f  th e  b o n d in g  
w ere s t r o n g  e n o u gh  t o  r e s i s t  d i s r u p t i o n  u n d e r  th e  
c o n d i t i o n s  o f  o b s e r v a t i o n ,  a  f i r s t  o r d e r  in c r e a s e  i n  th e  
p a r t i a l  r o t a t i o n s  o f  e a c h  a e n t r e  o f  d is s y m m e try  m ig h t  be  
e x p e c te d .
( 2 )  The m o le c u le s  m ig h t  a s s o c i a t e  so  t h a t  th e y  l i e  p a r a l l e l  
t o  one a n o t h e r ,  b u t  i n  o p p o s i t e  d i r e c t i o n s  ( X I ) : -
« H
( X I )
f o r  th e  r e a s o n  o u t l i n e d  ab o ve  (p a g e  52) t h i s  d im e r  c o n t a in s  
n e i t h e r  a p la n e  n o r  a c e n t r e  o f  sym m etry. ®he e f f e c t  o f  s u c h  
a c o m b in a t io n  w o u ld  be  s i m i l a r  t o  t h a t  o b s e r v a b le  w i t h
(X)
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" d i p o l a r  a s s o c i a t i o n " ,  n a m e ly  a g e n e r a l  d e c r e a s e  i n  r o t a t o r y  
p o w e r,  s in c e  th e  p a r t i a l  r o t a t i o n s  o f  e a c h  h a l f  o f  th e  d im e r  
w i l l  be  i n  o p p o s i t i o n  a n d  th e  r e s i d u a l  r o t a t i o n  w i l l  th e n  be  
t h a t  due to  th e  a s s o c i a t i o n  c o m p le x  i t s e l f .  T h i s  c o n c lu s i o n  
i s  i n  l i n e  w i t h  th e  p r i n c i p l e  o f  O p t i c a l  S u p e r p o s i t i o n  o f  
v a n * t  H o f f *
B o t h  o f  th e  ab o ve  m e c h a n ism s  a r e  c o n t r a r y  to  the  o b s e r v e d  
c h a n g e s  i n  th e  r o t a t o r y  d i s p e r s i o n  o f  th e  ( - )  g l y c i d e  p h e n y l  
e t h e r ,  th o u g h  th e  f i r s t  c a se  w o u ld  s u f f i c e  t o  e x p l a i n  th e  
c h an ge  i n  m a g n itu d e  o f  th e  r o t a t o r y  p o w e r, when th e  s u b s t a n c e  
i s  d i s s o l v e d  i n  p o l a r  s o l v e n t s .  F u r th e rm o re  th e y  do n o t  
a c c o u n t  f o r  th e  c h an ge  i n  th e  r o t a t i o n  c o n s t a n t  o f  th e  lo n g  
wave b a n d  w h i l s t  th e  r o t a t i o n  c o n s t a n t  o f  th e  b a n d  i n  th e  
Schum ann  r e g io n  r e m a in s  n e a r ly  c o n s t a n t .
T h e re  i s  h ow e ver a f u r t h e r  c o n s id e r a t i o n  , n a m e ly  t h a t  s in c e  
th e  c o n t r i b u t i o n  o f  th e  ltong wave b a n d  i s  due to  in d u c e d  
d is s y m m e tr y ,  th e n  an y  i n f lu e n c e  w h ic h  te n d s  to  " d r a i n  o f f "  
th e  b a th o c h r o m ic *  e f f e c t  o f  th e  e p o x id e  r i n g ,  w o u ld  be  
e x p e c te d  to  a f f e c t  th e  p a r t i a l  r o t a t i o n  o f  th e  2800  A  
b a n d . I t  i s  im p r o b a b le  t h a t  th e  k in d  o f  a s s o c i a t i o n  w h ic h  
i s  p o s t u la t e d ^ 7 4 ) t o  o c c u r  i n  e t h e r s  w i l l  i n v o l v e  f o r c e s  
s t r o n g  e n o u gh  t o  a c h ie v e  t h i s ,  s in c e  th e  a s s o c i a t i o n  i s  n o t  
d e t e c t a b le  b y  m o le c u la r  w e ig h t  m e th o d s  o f  d e t e r m in a t io n .
*  Wh^en a  g ro u p  i s  s u b s t i t u t e d  f o r  a  h y d ro g e n  a tom , a t t a c h e d  
t o  a c h ro m o p h o r ic  s y s te m ,  th e  in c r e a s e  i n  o f  i t s  s e l e c t i v e  
a b s o r p t io n  p e a k s  i s  c a l l e d  th e  "b a th o c h r o m ic  e f f e c t "  o f  th e  
s u b s t i t u t i n g  g r o u p .
The a l t e r n a t i v e  h y p o t h e s i s  o f  p a r t i a l  r e s t r i c t e d  r o t a t i o n  
r e s u l t i n g  fro m  w eak h y d r o g e n  b o n d  f o r m a t io n  i s  m ore i n  
c o n fo r m it y  w i t h  th e  o b s e r v e d  o p t i c a l  d a t a .
A  c o n s id e r a t i o n  o f  th e  v a r i o u s  r a d i i  o f  th e  a to m s,  t o g e t h e r  
w it h  th e  a n g le s  b e tw e e n  th e  b o n d s  ( F i g u r e  $ ) ,  show s t h a t  th e  
r o t a t i o n  o f  th e  s id e  c h a in  a b o u t  th e  O -P h  b o n d  i s  n o t  
r e s t r i c t e d  b y  s t r o n g  f o r c e s  s in c e  th e r e  i s  a maximum c le a r a n c e  
o f  1 . 2  A . , a n d  a  m in im um  c le a r a n c e  o f  0 .6  A  b e tw e e n  th e  
r e le v a n t  a to m s a s  r e p r e s e n t e d  b y  t h e i r  c o v a le n t  r a d i i .  I f  
h ow e ver v a n  d e r  W a a ls  r a d i i  a r e  u s e d  i n  th e  c a l c u l a t i o n  , th e n  
th e r e  i s  a  m in im um  o v e r la p  b e tw e e n  th e  H o f  th e  *0H g g ro u p  
a n d  th e  H o f  th e  b e n ze n e  n u c le u s  o f  0 .3  A  a n d  a maximum  
o v e r la p  o f  0 .9  A. The r e s t r i c t i o n  o f  r o t a t i o n  a b o u t  t h i s  
b o n d  w i l l  t h e r e f o r e  r e s u l t  i n  two p o s i t i o n s  o f  m inim um  e n e rg y .
The e f f e c t  o f  s o l v e n t s  on  t h i s  r e s t r i c t i o n  s h o u ld  be  s l i g h t  
so  t h a t  i t  d o e s  n o t  , i n  i t s e l f ,  e x p l a i n  th e  o b s e r v e d  d i s p e r s i o n .
The o n ly  r e m a in in g  way i n  w h ic h  th e  r o t a t i o n  o f  th e  s id e  
c h a in  may be  r e s t r i c t e d  i s  b y  i n t e r a c t i o n  b e tw e e n  th e  
-G H  -  GHg g ro u p  an d  th e  h y d ro g e n  a t t a c h e d  to  the  b e n ze n e  
n u c le u s ;  t h i s  m ig h t  o c c u r  t h r o u g h  h y d ro g e n  b o n d in g  b e tw e e n  
th e  o x y g e n  o f  th e  e p o x id e  r i n g  an d  th e  h y d ro g e n  o f  th e  n u c le u s  
( s e e  p a g e  5 8 ) .  T h i s  w o u ld  r e s u l t  i n  a s e v e n  mem bered r i n g .
I t  c a n  b e  se e n  m ore r e a d i l y  fro m  a m o d e l t h a t  ( X I I )  a n d  ( X I I I )  
a r e  n o t  i d e n t i c a l ,  n o r  a r e  th e y  m i r r o r  im a g e s  o f  one a n o t h e r ,  
s o  t h a t  th e y  c o r r e s p o n d  m ore to  g e o m e t r ic a l  i s o m e r s .  The
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The v a lu e s  of* th e  b o n d  d i s t a n c e s  an d  a n g le s  u s e d  i n  t h i s  
d ia g r a m  a r e  l i s t e d  on p a g e  74.
. F ig u re  2
74
VALU ES U SED  IN  F IG U R E  2 
F i g u r e s  t a k e n  fro m  P a u l i n g  ( 8 4 )
S c a le :  b cms = 1 A . 
C o v a le n t  P o n d  D i s t a n c e s  
G -0  1 .4 3  A  7 .1 5  cm s.
G -H  1 .0 7  A 5 .3 5  cms
C o v a le n t  R a d i i  
C 0 .7 7  A 3 .6 5  cms.
0 0 .6 6  A 3 .3 0  cms.
H 0 . 3 0  A 1 .5 0  cms.
V an  d e r  W a a ls  R a d i i
M e th y le n e  g ro u p  , maximum r a d i u s ------------------—
(a s su m e d  s i m i l a r  t o  m e th y l g r o u p )
M e th y le n e  g ro u p  , m in im um  r a d i u s  — ____ ______
( a l l o w ! n g  f o r  th e  r a d i a l  d i s t r i b u t i o n  o f  
th e  h y d ro g e n  a to m s)
H y d ro g e n  atom  - — — - — - —  
Foun d
F o r  C o v a le n t  F o r c e s  
Maximum c le a r a n c e  
M inim um  c le a r a n c e  
F o r  v a n  d e r  W a a ls  F o r c e s  
Maximum o v e r la p  
M inim um  o v e r la p
2 .0  A  
1 . 4  A
1 . 2  A
6 . 0  cms 1 .2  A 
4 . 0 cms 0 .8  A
4 . 5 cms 0 .9  A 
1 .5  cms 0 .3  A
10  cms* 
7 cans*
6 cm s.
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( ♦ ) g l y c i d e  p h e n y l  e t h e r  w i l l  p ro d u c e  a  s i m i l a r  p a i r ,  e a c h  o f  
w h ic h  w i l l  be  th e  m i r r o r  im age  o f  one o f  th e  fo rm s  p r o d u c e d  
fro m  th e  ( - ) g l y c i d e  p h e n y l  e t h e r .  T h e re  w i l l  th u s  be  f o u r  
p o s s i b l e  a c t i v e  fo rm s  o f  g l y c i d e  p h e n y l  e t h e r  i f  r i n g  
f o r m a t io n  t a k e s  p la c e .  F u r t h e r  s in c e  X I I  an d  X I I I  a re  
s t r u c t u r a l  i s o m e r s  , r a t h e r  th a n  o p t i c a l  i s o m e r s ,  th e y  w i l l  
d i f f e r  i n  p h y s i c a l  p r o p e r t i e s  a fid  , i n  p a r t i c u l a r ,  i n  i n t e r n a l  
e n e rg y .  When r i n g  f o r m a t io n  o c c u r s  t h e r f o r e  th e re  w i l l  be  
a  g r e a t e r  te n d e n c y  f o r  one is o m e r  to  be  fo rm e d  r a t h e r  t h a n  
th e  o t h e r .  I n  t h i s  way a  new c o n t r i b u t i o n  t o  the  d is s y m m e try  
o f  th e  m o le c u le  w i l l  be  p ro d u c e d .
S in c e  th e  in d u c e d  d is s y m m e r ty  l i e s  i n  th e  b en ze n e  r i n g  a n d  i n
th e  se v e n  raembered r i n g  , i t  w o u ld  be e x p e c te d  t h a t  th e
c o n t r i b u t i o n  o f  th e  r i n g  f o r m a t io n  to  th e  r o t a t o r y  p ow e r
w o u ld  be  due m a in ly  to  th e  a b s o r p t io n  b a n d  o f  th e  p h e n y l
r a d i c a l .  T h i s  e x p e c t a t io n  i s  , i n  f a c t ,  r e a l i s e d .  The
p a r t i a l  r o t a t i o n  o f  th e  p h e n y l  r a d i c a l  p ro d u c e d  b y  t h i s
r i n g  f o r m a t io n ,  i s  o p p o s i t e  i n  s i g n ,  an d  a lm o s t  e q u a l  i n
m a g n itu d e  , t o  t h a t  a l r e a d y  p r e s e n t ,  so  t h a t  th e  r o t a t o r y
po w e r o f  th e  g ro u p  i s  re d u c e d ;  an d  s in c e  t h i s  i s  o p p o s i t e
i n  s i g n  to  th e  p a r t i a l  r o t a t i o n  o f  th e  Schum ann r e g io n ,  th e
t o t a l  r o t a t o r y  pow er o f  th e  m o le c u le  i s  in c r e a s e d ,  a s  i s
( 7 1 )
com m only o b s e r v e d  w i t h  r i n g  f o r m a t io n '  • The r e d u c t io n  
o f  th e  p a r t i a l  r o t a t i o n  o f  th e  p h e n y l r a d i c a l  r e s u l t s  i n  
p s e u d o - s im p le  d i s p e r s i o n  i n  th e  v i s i b l e  an d  n e a r  u l t r a - v i o l e t  
r e g io n s .  The p a r t i a l  r o t a t i o n  due to  th e  a b s o r p t io n  b a n d  
i n  th e  Schum ann r e g i o n  i s  a l s o  re d u c e d  som ew hat.
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The  e f f e c t  o f  r i n g  f o r m a t io n  may he  c o n s id e r e d  i n  a n o th e r  w ay; 
i f  th e  o r i g i n a l  d is s y m m e tr y  o f  th e  p h e n y l  r a d i c a l  w as due t o  
" i n d u c t i o n "  a lo n g  th e  s i d e  c h a in ,  th e n  a c o n t r i b u t i o n  o f  
o p p o s i t e  s i g n  m ig h t  be  e x p e c te d  a s  a  r e s u l t  o f " i n d u c t ! o n "  fro m  
th e  o t h e r  en d  o f  th e  s i d e  c h a in ,  w h ic h  i s  w e a k ly  b o n d e d  t o  th e  
h y d r o g e n  atom  o f  th e  b e n ze n e  n u c le u s *
I n  th e  ab o ve  t r e a tm e n t  th e  p a r t i c u l a r  e f f e c t s  o f  d i f f e r e n t
i
s o l v e n t s  h a ve  b e e n  n e g le c t e d .  I t  i s  n o t i c e a b le  t h a t  th e  
s o l v e n t s  w h ic h  p ro d u c e  th e  g r e a t e s t  a l t e r a t i o n  o f  th e  
r o t a t o r y  d i s p e r s i o n  fro m  t h a t  o f  th e  hom ogen eous s u b s t a n c e  , 
a re  a l l  e t h e r s .  E v e n  1 . 4 - d io x a n  , w h ic h  a t  c . * 3 0  show s
a  s m a l l  e f f e c t  b e h a v e s  v e r y  s i m i l a r l y  t o  e t h e r  a t  c.=*13.
/
I n  d i e t h y l  e t h e r  , on  th e  o t h e r  h an d  , th e  d i s p e r s i o n  r a t i o  
a t  c . s  18 i s  v e r y  n e a r l y  th e  same a s  a t  c. *1 3 .  T h e se  
o b s e r v a t io n s  a r e  i n  c o n f o r m it y  w i t h  th e  v ie w  t h a t  th e  ch an ge  
i n  th e  o b s e r v e d  r o t a t o r y  d i s p e r s i o n  i s  due t o  th e  b r e a k  down  
o f  a s s o c i a t i o n  c o m p le x e s  o r  o f  r i n g  f o r m a t io n ,  s in c e  th e  
g r e a t e r  e a se  w i t h  w h ic h  d i e t h y l  e t h e r  a c t s  , i s  no  d o u b t  
due t o  i t s  d ip o le  moment. I n  th e  c a se  o f  o t h e r  s o l v e n t s  
w it h  a lo w  d ip o le  moment th e  d i s p e r s i o n  r e m a in s  p s e u d o - s im p le ,  
so  t h a t  d io x a n  a p p e a r s  t o  a c t  m ore a s  a n  e t h e r  th a n  a s  a  
n o n - p o la r  s o lv e n t .
The r o t a t o r y  d i s p e r s i o n  i n  p o l a r  s o l v e n t s ,  e x c e p t  p y r i d i n e ,  
w as in t e r m e d ia t e  i n  c h a r a c t e r  b e tw e e n  t h a t  show n i n  s o l u t i o n  
i n  n o n - p o la r  s o l v e n t s ,  a n d  t h a t  o b s e r v e d  f o r  s o l u t i o n s  i n  
e t h e r e a l  s o l v e n t s .  The d i s p e r s i o n  o f  th e  s o l u t i o n  i n  p y r i d i n e
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i s  d i f f i c u l t  to  f i t  i n t o  th e  g e n e r a l  p i c t u r e .
The b e h a v io u q b f  th e  r o t a t o r y  d i s p e r s i o n  o f  th e  ( - ) g l y c i d e  
p h e n y l  e t h e r  when d i s s o l v e d  i n  e t h e r e a l  s o l v e n t s  m ay 
p e r h a p s  b e s t  be  c o n s id e r e d  a s  th e  sum o f  tw o f a c t o r s :
( a )  The p o l a r  c h a r a c t e r  o f  th e  e t h e r  m o le c u le .
(b )  The p r e s e n c e  o f  a n  e t h e r e a l  o x y g e n  atom  9 w h ic h  a p p e a r s  
t o  h a ve  a  s p e c i f i c  a c t i o n .  P o s s i b l y  t h i s  may be  c o n n e c te d  
w it h  th e  p r e s e n c e  i n  th e  m o le c u le  o f  g l y c i d e  e t h e r  o f  
e t h e r e a l  o x y g e n  a t o m s ( T e t r a h y d r o - f u r f u r y l  a l c o h o l  a l s o  
b e h a v e s  a n o m a lo u s ly  i n  e t h e r e a l  s o l u t i o n ^ 8 5 ^)•
S in c e  i t  seem s p r o b a b le  t h a t  th e  r o t a t o r y  d i s p e r s i o n  o f  
g l y c i d e  p h e n y l  e t h e r  may be  l a r g e l y  i n f lu e n c e d  b y  th e  e p o x id e  
r i n g  i t  i s  p r o p o s e d  to  g i v e  a  b r i e f  c o n s id e r a t i o n  t o  i t s  
s t r u c t u r e .
S t r u c t u r e  o f  th e  E p o x id e  R in g
W a l s l / 8 6 ) h a s  r e c e n t l y  s u g g e s t e d  t h a t  th e  s t r u c t u r e  o f  th e  
e t h y le n e  o x id e  r i n g  s h o u ld  be r e p r e s e n t e d  a s  0Hg g  CHo ,
w h ic h  c o n t a in s  a s t r o n g  d ip o le  GHg y  CHg
0^-
t h i s  s u g g e s t i o n  h a s  b e e n  
s u p p o r te d  b y  L in n e t ^
The a b n o rm a l e f f e c t s  o f  e t h e r s  u p o n  th e  r o t a t o r y  d i s p e r s i o n  
o f  g l y c i d e  p h e n y l  e t h e r  m ay be  due to  th e  s t a b i l i t y  o f  th e  
c o m p le x e s  fo rm e d  b y  d i p o l a r  a s s o c i a t i o n  be tw e e n  th e  e p o x id e  
r i n g  a n d  th e  s o l v e n t  e t h e r  ( X IV ) .
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I n  t h i s  way th e  s t r o n g  d ip o le ( W a ls h ^ 8 8  ^ com pare s i t  t o  a c e to n e )  
o f  th e  e p o x id e  r i n g  w i l l  “be p a r t i a l l y  n e u t r a l i s e d ,  a n d  i t s  
a f f i n i t y  f o r  th e  h y d ro g e n  a tom  o f  th e  b e n ze n e  n u c le u s  
c o n s e q u e n t ly  r e d u c e d ,  r e s u l t i n g  i n  th e  o p e n in g  o f  th e  se v e n  
m em bered r i n g  , a n d  a  ch an ge  i n  th e  r o t a t o r y  d i s p e r s i o n .
GENERAL CO N CLU SIO N S
The c o n c lu s i o n s  r e a c h e d  a s  t o  th e  c a u se  o f  th e  r o t a t o r y  
d i s p e r s i o n  show n b y  th e  ( - ) g l y c i d e  p h e n y l  e t h e r  , may be  
b r i e f l y  su m m a r ise d
(1 )  The r o t a t o r y  d i s p e r s i o n  i s  c o m p le x , r e q u i r i n g  a t  l e a s t  
two te n n s  o f  th e  D ru d e  e q u a t io n  f o r  i t s  r e p r e s e n t a t io n .
I t  i s  p r o b a b le  t h a t  an  o p t i c a l l y  a c t i v e  a b s o r p t io n  b a n d  
o c c u r s  a t  c . 2 8 0 0  A  an d  a n o th e r  i n  th e  Schum ann r e g io n .
(2 )  The e f f e c t  o f  te m p e ra tu re  on th e  d i s p e r s i o n  o f  th e  
hom ogeneous s u b s t a n c e ,  a n d  on  i t s  s o l u t i o n  i n  e t h e r  sh o w s  
t h a t  i n  th e  h om ogen eous s t a t e  i t  e x i s t s  e i t h e r  a s  an  
a s s o c i a t i o n  c o m p le x , o r  a s  an  i n t e r n a l  r i n g  com pound.
(3 )  The n a t u r e  o f  th e  v a r i a t i o n  o f  th e  r o t a t o r y  d i s p e r s i o n  
w it h  ch an ge  o f  s o l v e n t  s u g g e s t s  t h a t  i n t e r n a l  r i n g
• f o r m a t io n  i s  th e  m o st  p r o b a b le  c a u se  o f  th e  a n o m a l ie s .
The R o t a t o r y  D i s p e r s i o n  o f  ( - )  j i  G h lo rp  y h e n o x y -is o v ro p y l
H y d ro g e n  P h t h a la t e
The r o t a t o r y  d i s p e r s i o n  o f  th e  ( - )  h y d ro g e n  p h t h a l i c  e s t e r  
o f  ^  c h lo r /3  p h e n o x y - i s o p r o p y l  a l c o h o l  a p p e a r s  t o  b e  co m p le x  
s in c e  th e  d i s p e r s i o n  r a t i o s  a re  h i g h  a n d  v a r i a b l e  i n  
d i f f e r e n t  s o l v e n t s ,  an d  th e  m a g n itu d e  o f  th e  s p e c i f i c  
r o t a t o r y  p ow e r v a r i e s  m a r k e d ly  fro m  s o lv e n t  to  s o lv e n t *
When an  A r m s t r o n g  a n d  W a lk e r  d ia g r a m  i s  p l o t t e d  f o r  
d i f f e r e n t  s o l u t i o n s  o f  th e  ( - ) h y d r o g e n  p h t h a l i c  e s t e r ,  
th e  l i n e s  f o r  th e  d i f f e r e n t  w a v e le n g th s  c o n v e rg e  a t  th e  
o r i g i n  e x c e p t  t h a t  f o r  A  *  5086 A . ;  th e  l i n e s  o f  th e  
P a t t e r s o n  d ia g r a m  b e h a v e  s i m i l a r l y .  The lo w  v a lu e s  
o b s e r v e d  f o r  s o l u t i o n s  i n  p y r id i n e  an d  c a rb o n  t e t r a c h l o r i d e  
a l s o  i n d i c a t e  c o m p le x i t y  i n  th e  d i s p e r s i o n .
f t a \
P r e p a r a t io n  o f  H i -  p 0 h lo r^ 3  p h e n o x y - i s o p r o p y l  A lc o h o l  7
To a s o l u t i o n  o f  p h e n o l (376  g m s . )  i n  e p i c h lo r h y d r in  (3 7 0  g rn s . ) ,
2 gm s. o f  c a u s t i c  so d a  i n  20 c c .  o f  w a te r  w ere ad d e d , and  
the  m ix tu r e  a l lo w e d  to  s t a n d  f o r  s i x  w e e k s, w i t h  o c c a s io n a l  
s h a k in g .
The m ix tu r e  w as th e n  d i s s o l v e d  i n  e t h e r ,  and the  e t h e r e a l  
s o l u t i o n  w as w ashed  th r e e  t im e s  w i t h  d i l u t e  c a u s t i c  so d a  
s o l u t i o n  to  rem ove u n ch an ge d  p h e n o l,  and th e n  th re e  t im e s  
w it h  w a te r . (T h e  s e p a r a t io n  o f  th e  two l a y e r s  was d i f f i c u l t  
o w in g  to  th e  f o r m a t io n  o f  foam , w h ic h  w as le s s e n e d  b y  the  
a d d i t i o n  o f  so d iu m  c h l o r i d e ) .  The e t h e r e a l  s o l u t i o n  w as d r ie d  
o v e r  a n h y d ro u s  p o t a s s iu m  c a rb o n a te .  The e t h e r  w as th e n  
rem oved on th e  ste am  b a t h  , and the  r e s id u e  d i s t i l l e d  u n d e r  
re d u c e d  p r e s s u r e .  The f o l l o w i n g  f r a c t i o n s  were c o l l e c t e d  
F r a c t i o n  (1 )  b . p .  25-125/18m m .
(2 )  b . p .  134-139/7m m . 349 gm s.
(3 )  b . p .  139-144/7m m . 40  gm s.
(4 )  S o l i d  r e s id u e  S m a l l  am ount
F r a c t i o n s  (2 )  & ( 3 ) . w ere com b in ed  and r e d i s t i l l e d  g i v i n g : -
364 gm s. b . p .  1 3 4 -1 3 6 /6mm. i . e .  48$  o f  th e  t h e o r e t i c a l
y i e l d .
o ( 6 9 )The s o l i d  r e s id u e  w as g l y c e r o l  vy d ip h e n y l  e t h e r ,  m .p . 8 0  0 
Found, 0 = 7 3 .4  H = 6 .4  0 = 2 0 .2  , g 15h i q 03 r e q u i r e s
0 = 7 3 .7  H = 6 .6  0 = 1 9 .7
I
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P r e p a r a t i o n  o f  th e  d l -H y d r o g e n  P h t h a l i c  E s t e r  o f  
p  C h lo r  p  p h e n o x y - is o p r o -p y l  A lc o h o l
P h t h a l i c  a n h y d r id e ,  222 gm s. (1 * 5  m o l s . ) w as d i s s o l v e d  i n  
h o t  d r y  p y r i d i n e ,  132  g m s . ( 1 . 7  m o l s . ) ,  th e  m ix t u r e  w as  
a l lo w e d  t o  c o o l  som ew hat, p  e h lo r ^  p h e n o x y - i  so p  r o p y  1 a l c o h o l ,  
270 g m s . ( 1 .5  m o l s . )  w as ad d e d , an d  th e  m ix tu r e  a l lo w e d  to  
s t a n d  f o r  s e v e n  t o  f o u r t e e n  d a y s .  I t  w as th e n  d i l u t e d  
w it h  a c e to n e  a n d  th e  r e s u l t i n g  hom ogeneous s o l u t i o n  p o u re d  
i n t o  an  e x c e s s  o f  d i l u t e  h y d r o c h lo r i c  a c i d  an d  i c e  w i t h  
s t i r r i n g .  The p r e c i p i t a t e d  guiwny m a ss  w as p o u n d e d  u n t i l  i t  
becam e a c r y s t a l l i n e  p o w d e r, i t  w as th e n  f i l t e r e d  o f f  an d  
d i s s o l v e d  i n  e t h e r .  The e t h e r e a l  s o l u t i o n  w as e x t r a c t e d  w i t h
so d iu m  b ic a r b o n a t e  s o l u t i o n ,  an d  th e  e x t r a c t s  c o o le d  w i t h  i c e
%
a n d  a c i d i f i e d  w i t h  h y d r o c h lo r i c  a c id .  The p r e c i p i t a t e d  h y d ro g e n  
p h t h a l i c  e s t e r  w as d i s s o l v e d  i n  e t h e r ,  an d  th e  e t h e r e a l  
s o l u t i o n  d r ie d  o v e r  a n h y d ro u s  c a lc iu m  c h lo r id e .  T h i s  s o l u t i o n  
w as th e n  c o n c e n t r a t e d ,  an d  l i g h t  p e t r o le u m -e t h e r  a d d e d , th e  
h y d ro g e n  p h t h a l i c  e s t e r  s e p a r a t e d  a s  an  o i l  w h ic h  c r y s t a l l i s e d  
on  s c r a t c h in g .  Y i e l d  436 gm s. i . e .  87$  o f  th e  t h e o r e t i c a l  
am ount.
A  t e s t  p o r t i o n  d i s s o l v e d  i n  c h lo r o fo r m ,  l e a v i n g  o n ly  a s l i g h t  
h a z in e s s ,  t h u s  sh o w in g  t h a t  th e  m a t e r i a l  c o n t a in e d  o n ly  
a  t r a c e  o f  p h t h a l i c  a c i d ,  s in c e  t h i s  i s  p r a c t i c a l l y  i n s o l u b l e  
i n  d r y  c h lo r o fo r m .
When re  c r y s t a l l i s e d  fro m  e t h e r - l i g h t  p e t r o le u m  m ix t u r e ,  th e  
h y d ro g e n  p h t h a l i c  e s t e r  i s  o b t a in e d  a s  c o l o u r l e s s  p l a t e s
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m .p. 9 7 -9 8 ° C . The e q u iv a le n t  w A ig h t  w as d e te rm in e d  b y  
r a p i d  t i t r a t i o n  w i t h  N /1 0  c a u s t i c  so d a  s o l u t i o n ,  u s i n g  
p h e n o lp h t h a le in  a s  i n d i c a t o r : -  F o u n d , E .W . *  3 3 4 .7  
° 1 7 ®1 C)0 5 C I  r e q u i r e s  3 3 4 .5  •
So m e tim e s th e  h y d ro g e n  p h t h a l i c  e s t e r  so  o b t a in e d  i s  
deep y e l lo w  i n  c o lo u r ,  i n  w h ic h  c a se  i t  may b e  d e c o lo u r i s e d  
b y  r e c r y s t a l l i s a t i o n  fro m  g l a c i a l  a c e t i c  a c id .
When a s m a l l  q u a n t i t y  o f  t o lu e n e  i s  ad d e d  t o  th e  p y r id in e  
h y d ro g e n  p h t h a l i c  e s t e r  m ix t u r e ,  i n  p la c e  o f  th e  a c e to n e ,  
a s  d e s c r ib e d  a b o v e ,  th e  h y d ro g e n  p h t h a l i c  e s t e r  c r y s t a l l i s e s  
i n  th e  t o lu e n e  l a y e r  d u r in g  th e  e x t r a c t i o n  o f  th e  p y r id in e  
b y  m eans o f  h y d r o c h lo r i c  a c id .  The m a t e r i a l  so  o b t a in e d  i s  
i n  a  p u re  c o n d i t io n .
P r e p a r a t i o n  o f  ( - )  p  O h lo r ^ p h e n o x y - l s o - p r o p y l  H y d ro g e n  P h t h a la t e
d l  p  C h lo r  /3 'p h e n o x y - i s o p r o p y l  h y d ro g e n  p h t h a la t e ,  669 g m s . , w as 
d i s s o l v e d  i n  e t h y l  a c e t a t e ( d i s t i l l e d  fro m  c a lc iu m  c h l o r i d e ) ,  
an d  788  gm s. o f  d r y  b r u c in e  ad d ed . The c r y s t a l s  o f  th e  
b r u c in e  s a l t  w h ic h  h a d  s e p a r a t e d  a f t e r  two w e e k s , (m .p .1 0 8 -1 1 0 ° 0 ) , 
w ere r e c r y s t a l l i s e d  , f o u r  t im e s  fro m  e t h y l  a c e t a t e ,  f o l l o w e d  
b y  f i v e  t im e s  fro m  a c e to n e  • T b s w e ig h t  o f  th e  t e n t h  c ro p  
r e s  4 4  gm s.
The n i n t h  an d  t e n t h  c r o p s  o f  c r y s t a l s  y i e l d e d ,  a f t e r  
d e c o m p o s it io n ,  h y d ro g e n  p h t h a l i c  e s t e r s  o f  i d e n t i c a l  r o t a t o r y  
pow er - 1 2 . 2  ( i n  e t h e r ) ,  t h u s  s u g g e s t i n g  t h a t  o p t i c a l
r e s o l u t i o n  w as c o m p le te .
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th e  r e s o l u t i o n  p ro c e e d e d  s m o o th ly  so  f a r  a s  in c r e a s e  i n  
o p t i c a l  p u r i t y  w as c o n c e rn e d  , b u t  w as m a rre d  b y  th e  
p r o d u c t io n  o f  q u a n t i t i e s  o f  b r u c in e  h y d ro g e n  p h t h a la t e  
a t  e a c h  s t a g e  o f  th e  f r a c t i o n a l  c r y s t a l l i s a t i o n ,  t h i s  
im p u r i t y  w as l a r g e l y  rem oved  b y  t a k in g  a d v a n ta g e  o f  i t s  
v e r y  s p a r i n g  s o l u b i l i t y  an d  f i l t e r i n g  o f f  th e  s o l i d , w h i c h  
w as s lo w  i n  d i s s o l v i n g ,  a t  e a c h  r e c r y s t a l l i s a t i o n .
The ( - )  h y d ro g e n  p h t h a l i c  e s t e r  o f  /3 c h i  o r  y e 'p h e n o x y - is o p r o p y l  
a l c o h o l  w as o b t a in e d  fro m  th e  c ro p  o f  th e  b r u c in e  s a l t  b y  
p o u r in g  c o ld  d i l u t e  h y d r o c h lo r i c  a c id  i n t o  a s l u r r y  o f  th e  
b r u c in e  s a l t  i n  a c e to n e .  The l i q u i d  h y d ro g e n  p h t h a l i c  e s t e r  
so  o b t a in e d  w as e x t r a c t e d  w i t h  e t h e r ,  th e  e t h e r e a l  e x t r a c t  
w ash e d  w i t h  d i l u t e  h y d r o c h lo r i c  a c id ,  an d  th e  e s t e r  th e n  
e x t r a c t e d  fro m  th e  e t h e r e a l  s o l u t i o n  w i t h  an  e x c e s s  o f  c o ld  
s a t u r a t e d  so d iu m  b ic a r b o n a t e  s o l u t i o n .  The a c i d  e s t e r  w as  
th e n  r e p r e c i p i t a t e d  b y  p o u r in g  th e  a l k a l i n e  s o l u t i o n  i n t o  
c o ld  h y d r o c h lo r i c  a c i d  an d  rem oved  b y  e x t r a c t i o n  w i t h  e t h e r .
The e t h e r e a l  s o l u t i o n  w as w a sh e d  w i t h  w a te r  an d  th e n  d r ie d  
o v e r  a n h y d ro u s  so d iu m  s u lp h a t e .  The m a in  b u lk  o f  th e  e t h e r  
w as rem oved  u n d e r  s l i g h t l y  re d u c e d  p r e s s u r e  i n  a b a t h  o f  
warm w a te r ,  and  th e  l a s t  t r a c e  o f  e t h e r  b y  p r o lo n g e d  
e v a c u a t io n  i n  a  d e s i c c a t o r .
The h y d ro g e n  p h t h a l i c  e s t e r  s o  o b t a in e d  i s  a  c l e a r ,  p a le  b ro w n ,  
v i s c o u s  l i q u i d ,  h a v in g  -1 2 .2 °  ( i n  e t h e r ) ,  w h ic h  sh o w s no
te n d e n c y  t o  c r y s t a l l i s e .
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( - )  /3 0 h lo r  p p h e n o x y - i s o p r o p y l  h y d ro g e n  p h t h a la t e  o f  86$  
o f  th e  maximum p o s s i b l e  a c t i v i t y ,  may be  o b t a in e d  b y  
re  c r y s t a l l i s i n g  th e  o r i g i n a l  b r u c in e  s U t  ( o f  th e  
d l - h y d r o g e n  p h t h a l i c  e s t e r )  t w ic e ,  l i b e r a t i o n  o f  th e  
h y d ro g e n  p h t h a l i c  e s t e r ,  a n d  th e n  a l l o w in g  a c o n c e n t r a t e d  
s o l u t i o n  o f  th e  e s t e r  i n  e t h e r  to  s t a n d ,  when a  c r y s t a l l i s e  
c ro p  o f  lo w  a c t i v i t y  ( L°U *  -6 °  ( i n  e t h e r )  ) s e p a r a t e s ,  
l e a v i n g  i n  s o l u t i o n  an  u n c r y s t a l l i s a b l e  o i l  h a v in g
»7e
[0 4] sr -1 0 * 4 7  ( i n  e t h e r ) .
is
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H y d r o l y s i s  o f  th e  H y d ro g e n  P h t h a l i c  E s t e r  o f  #  O h IoryQ  p h e n o x y
- i s o p r o p y l  A lc o h o l
Some fo u r t e e n  e x p e r im e n t s  w ere u n d e r ta k e n  w i t h  a v ie w  to
d i s c o v e r in g  th e  m o st  s u i t a b l e  c o n d i t io n s  f o r  th e  h y d r o l y s i s
o f  (3 c h l o r  y / p h e n o x y - i s o p r o p y l  h y d ro g e n  p h t h a la t e *  I t  w as
fo u n d  im p o s s ib le  to  o b t a in  th e  p u re  / s c h lo r ^ / p h e n o x y - is o p r o p y l  
1 7 0
a l c o h o l  (n ^  *  1 .5 3 9 5 )  fro m  i t s  h y d ro g e n  p h t h a l i c  e s t e r .
A n  a t te m p t  w as t h e r e f o r e  made to  f i n d  th e  m o st  s u i t a b l e  
m eth o d  f o r  th e  p r o d u c t io n  o f  g l y c i d e  p h e n y l  e t h e r ^ 9 0 *9 1 )
■I n O
(n £  *  1 .5 3 1 0  ) .
The m ethod  e m p lo ye d  i n  a l l  c a s e s  , e x c e p t  N o . 3 (p a g e  8 6 ) ,  
w as to  p la c e  th e  h y d r o g e n  p h t h a l i c  e s t e r  i n  a d i s t i l l i n g  
f l a s k  , w i t h  a s u i t a b l y  b e n t  s id e  arm , t o  a d d  th e  r e a g e n t  
and  to  p a s s  a c u r r e n t  o f  s te a m  im m e d ia te ly .  The a q u e o u s  
d i s t i l l a t e '  w as e x t r a c t e d  w i t h  e t h e r ,  a n d  th e  e t h e r e a l  
s o l u t i o n  d r ie d  o V e r  a n h y d r o u s  so d iu m  s u lp h a t e .  The e t h e r  
w as th e n  rem oved  on  a warm w a te r  b a t h  u n d e r  s l i g h t l y  
re d u c e d  p r e s s u r e ,  and  th e  r e s id u e  th e n  d i s t i l l e d  u n d e r  
re d u c e d  p r e s s u r e .
The r e s u l t s  o f  th e se  e x p e r im e n t s  a re  su m m a r ise d  i n  th e  
t a b le  g i v e n  o v e r l e a f  (p a g e  8 6 )£
I t  w i l l  be  se e n  t h a t  th e  b e s t  y i e l d  o f  JckK g l y c i d e  p h e n y l  
e t h e r  w as o b t a in e d  u s i n g  5 gras, o f  th e  h y d ro g e n  p h t h a l i c  e s t e r ,  
an d  5 c c .  o f  1 2 . 5 N p o t a s s iu m  h y d r o x id e ,  th e  vo lum e  w as k e p t  
a p p r o x im a t e ly  c o n s t a n t  d u r in g  th e  ste a m  d i s t i l l a t i o n  i n  a l l  
c a s e s .
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T h i s  p r o c e d u re  ( a s  e m p lo y e d  i n  1 2 , 13 a n d  b e lo w )  g a v e  
g l y c i d e  p h e n y l  e t h e r ,  f o r  w h ic h  w as f o u n d r -  
0 *  7 1 .9 5  H *  6 .6 7  0 *  2 1 .3 6  , C 9 H1 0 O 2  r e q u i r e s
0 « 7 2 .0 0  H *  6 .6 7  0 a 2 1 .3 4  .
H y d r o l y s i s  o f  ( - )  [2 C h lo r  / Y p h e n o x y - is o p r o p y l  H y d ro g e n  P h t h a la t e
f? c
( - )  6^ C h lo r ^  p h e n o x y - i s o p r o p y l  h y d ro g e n  p h t h a la t e ,  Ip CI^  »  - 1 2 .2 °
( i n  e t h e r ) ,  5 g m s . ,  w as ad d e d  to  1 2 .6  N  p o t a s s iu m  h y d r o x id e ,
6 c c .  , c o n t a in e d  i n  a  200 c c .  d i s t i l l i n g  f l a s k  w i t h  a b e n t
s id e  arm , an d  a  c u r r e n t  o f  s te a m  p a s s e d  i n t o  th e  m ix tu r e
im m e d ia te ly .  The d i s t i l l a t e s  fro m  two s u c h  e x p e r im e n t s  w ere
com b in e d  an d  e x t r a c t e d  w i t h  e t h e r ,  an d  th e  e t h e r e a l  s o l u t i o n
d r ie d  o v e r  a n h y d ro u s  so d iu m  s u lp h a t e .  The e t h e r  w as th e n
rem o ved , u n d e r  s l i g h t l y  re d u c e d  p r e s s u r e  i n  a  b a t h  o f  warm
w a te r ,  an d  th e  ( - ) g l y c i d e  p h e n y l  e t h e r  th e n  d i s t i l l e d : -
17°
Y i e l d  1 .9 6  g m s . ,  b . p .  l3 3 ° C /2 3  mm. , n p  *  1 .5 3 1 0  
CoOj’T  - 2 4 . * °  , d | 5 = 1 . 1 0 6  , d 4 00 « 1 .0 4 9
The r o t a t o r y  pow er o f  ( - ) g l y c i d e  p h e n y l  e t h e r  u n d e r  
v a r y in g  c o n d i t io n s  w i l l  b e  fo u n d  i n  T a b le s  V I I  -  X I I  , an d  
th e  r o t i v l t i e s  o f  v a r i o u s  s o l u t i o n s  i n  T a b le  I  p a g e  32.
C o n v e r s io n  o f  ( - ) Q l y c i d e  P h e n y l E t h e r  i n t o  
( - )  p  C h lo r  y 3 'p h e n o x y - is o p r o p y l A lc o h o l
A  p r e l im in a r y  e x p e r im e n t  w as f i r s t  u n d e r ta k e n
d l - g l y c i d e  p h e n y l  e t h e r ,  6 .5  g m s . ,  w ere sh a k e n  f o r  h a l f  an
h o u r  w i t h  a  s o l u t i o n  o f  c o n c e n t r a t e d  h y d r o c h lo r i c  a c id ,  6 c c . ,
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i n  c o ld  w a te r ,  6 c c . . The m ix tu r e  w as e x t r a c t e d  w i t h  e t h e r
a n d  th e  e t h e r e a l  e x t r a c t  w a sh e d  th re e  t im e s  w i t h  S e e s  o f  3H
so d iu m  h y d r o x id e ,  an d  th e n  w i t h  20 c c s .  o f  w a te r .  The e t h e r e a l
e x t r a c t  w as d r ie d  o v e r  a n h y d ro u s  so d iu m  s u lp h a t e ,  th e  e t h e r
rem oved  on th e  w a te r  b a t h  an d  th e  a l c o h o l  d i s t i l l e d  u n d e r
re d u c e d  p r e s s u r e : -  R f a c t i o n  (1 )  b . p .  140-145/22ram  3 gm s.
16°
n D *  1 .5 3 9 5
(2 )  b . p .  1 4 5 -1 50/20ram 2 gm s.
1 fiO
n *°  c  1 .5 4 2 0
U s in g  ( - ) g l y c i d e  p h e n y l  e t h e r , M  = - 2 4 . 4 ° ,  1 .5  g m s . ,
( - )  ^ c h lo r j g 'p h e n o x y - i s o p r o p y l  a l c o h o l ,  0 .7  g m s . ,
19
b . p .  143-145/20m m  , nj) *  1 .5 3 7 8  wee o b t a in e d  h a v in g  
loO>» -  2 .3 °
( - )  p  C h lo r  ^ p h e n o x y - i s o p r o p y l  a l c o h o l ,  0 .5  g m s . ,  w as ad d e d  
t o  a w a rn  s o l u t i o n  o f  p h t h a l i c  a n h y d r id e ,  0 . 4 g m s . , i n  
p y r i d i n e ,  0 .2 4  g m s . ,  a n d  t o lu e n e ,  1 c c . , th e  m ix tu r e  w as  
a l lo w e d  t o  s t a n d  f o r  two w eeks an d  th e n  th e  ( - ) h y d ro g e n
— M* A
p h t h a l i c  e s t e r  i s o l a t e d  a s  b e f o r e ;  y i e l d :  0 .5 6  gm s. , 1 ° ^ *  - 1 2 . 1  ,  
i . e .  W i t h in  th e  l i m i t s  o f  e x p e r im e n ta l  e r r o r  th e re  w as no  
l o s s  o f  a c t i v i t y  d u r in g  th e  c o n v e r s io n  o f  th e  ( - ) / 3 c h l o r  
- ^ p h e n o x y - i s o p r o p y l  h y d ro g e n  p h t h a la t e  i n t o  th e  ( - ) g l y c i d e  
p h e n y l  e t h e r  , th e n  i n t o  th e  ( - )  y3 c h l o r p h e n o x y - i s o p r o p y l  
a l c o h o l  an d  b a c k  to  i t s  h y d ro g e n  p h t h a l i c  e s t e r .
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The d ry  h y d ro g e n  b ro m id e  g a s  u s e d  i n  t h i s  e x p e r im e n t  
w as g e n e r a t e d  b y  d r o p p in g  b ro m in e  o n to  r e d  p h o s p h o r u s  
an d  w a te r .  The g a s  w as p u r i f i e d  ( f r o m  b ro m in e )  b y  
p a s s i n g  i t  t h r o u g h  th r e e  U tu b e s  c o n t a in in g  m o is t  r e d  
p h o s p h o r u s  s p r e a d  on  g l a s s  w o o l,  an d  d r ie d  b y  p a s s i n g  
s u c c e s s i v e l y  t h r o u g h  two U tu b e s  c o n t a in in g  g r a n u la r  
c a lc iu m  c h lo r i d e ,  a n d  a  d r y in g  to w e r c o n t a in in g  
p h o s p h o r u s  p e n t o x id e  on  g l a s s  w o o l.
( ♦ ) S e c .  B u t y l  a l c o h o l ,  -f-10 .9 ° , 5 g m s . ,  w as s a t u r a t e d  w i t h  
d r y  h y d ro g e n  b ro m id e  h a s  b y  p a s s i n g  th e  l a t t e r  i n t o
X
th e  i c e  c o ld  a l c o h o l ,  c o n t a in e d  i n  a  l o n g  tu b e ,  u n t i l  
th e  l i q u i d  fum ed  c o n t in u o u s ly .  The fu m in g  l i q u i d  w as  
th e n  h e a te d  u n d e r  r e f l u x  f o r  a b o u t  one h o u r ,  c o o le d ,  
a n d  w ash e d  w i t h  c o n c e n t r a t e d  s u lp h u r i c  a c id ,  to  rem ove  
a n y  b u te n e  fo rm e d  d u r in g  th e  r e a c t i o n ,  an d  th e n  w i t h  
so d iu m  b ic a r b o n a t e  s o l u t i o n .  The b ro m id e  w as th e n  
d i s s o l v e d  i n  e t h e r  a n d  th e  e t h e r e a l  s o l u t i o n  d r ie d  o v e r  
so d iu m  s u lp h a t e .  M o s t  o f  th e  e t h e r  w as rem oved  w i t h  th e  
a i d  o f  a s h o r t  f r a c t i o n a t i n g  co lu m n , an d  th e  b ro m id e  
d i s t i l l e d ,  th e  f r a c t i o n  c o l l e c t e d ,  3 g m s . ,  h a d  b . p .  8 0 -8 6 °  
4 *  = 1 .4 2 8 6  ( i . e .  i t  c o n t a in e d  some e t h e r  w h ic h  i t  w as  
n o t  p r a c t i c a b l e  t o  re m o v e ).  J \
P r e p a r a t io n  o f  (+ ) S e c .B u t y l  P h e n y l E t h e r
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( + ) S e c . B u t y l  b r o m id e ,  3 gm s. , a s  p r e p a r e d  a b o v e ,  w as h e a te d  
w i t h  f r e s h l y  p r e p a r e d  so d iu m  p h e n a te ,  2 .7 5  g m s . ,  f o r  tw e lv e  
h o u r s ,  th e  r e a c t i o n  m ix tu r e  w as th e n  e x t r a c t e d  w i t h  e t h e r ,  
w ash e d  w i t h  a n  e x c e s s  o f  3N c a u s t i c  so d a  s o l u t i o n ,  an d  
d r ie d  o v e r  p o w d e re d  c a lc iu m  c h lo r id e .  The e t h e r  w as th e n  
rem oved  on  a w a te r  b a t h  an d  th e  ( ♦ ) s e c . b u t y l  p h e n y l  e t h e r  
d i s t i l l e d ,  th e  f r a c t i o n  c o l l e c t e d  h a d : -  b . p .  7 5 -7 6 ° 0 /1 0  iran.
1 ^ 0  Q
Y i e l d :  0 .8 5  g m s . ,  n n  « 1 .4 9 7 8  + 2 8 .3 4 °  d ) 9 »  0 .9 3 5 0
(S p r u n g  a n d  W a l l i s ^ 9 2 ) g i v e  n £  a  1 .4 9 2 6  A  b . p .  8 4 -8 5 /1 4  ran.)
The r o t a t o r y  d i s p e r s i o n  o f  th e  ( + ) s e c . b u t y l  p h e n y l  e t h e r  
w as d e te rm in e d  i n  th e  hom ogen eous s t a t e ,  a n d  i n  s o l u t i o n  
i n  d i e t h y l  e t h e r  an d  d l - p r o p y le n e  o x id e .  The r o t a t o r y  
p o w e rs  a re  g i v e n  i n  T a b le  X V , th e  f i g u r e s  g i v e n  t h e r e in  
h a ve  b e e n  c o r r e c t e d  t o  th e  v a lu e s  w h ic h  w o u ld  h ave  b e e n  
o b t a in e d  i f  o p t i c a l l y  p u re  ( - ) s e c . b u t y l  a l c o h o l  h a d  b e e n  
u s e d  i n  t h i s  e x p e r im e n t  # ( i . e .  m u l t i p l i e d  b y  - 1 3 . 8 7 / 1 0 . 9 )  
i n  o r d e r  t o  f a c i l i t a t e  c o m p a r is o n  w i t h  o t h e r  r e s u l t s .
P r e p a r a t i o n  o f  ( - ) S e c . O c t y l  p h e n y l  E t h e r
The m eth od  u s e d  w as i d e n t i c a l  w i t h  t h a t  o u t l i n e d  ab o ve  
f o r  th e  p r e p a r a t i o n  o f  ( ♦ ) s e c . b u t y l  p h e n y l  e t h e r ,  th e  
( - ) s e c . o c t y l  b ro m id e  c o u ld  h o w e ve r b e  r e a d i l y  s e p a r a t e d  fro m  
th e  e t h e r .
( - ) S e c . O c t y l  a l c o h o l ,  - 9 .3 9 ^  15 g m s . ,  y i e l d e d  th e  
( - ) s e c .  o c t y l  b ro m id e  b . p .  e 6 -8 7 ° /2 2 m m ., 10  g m s . ,  h a v in g
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n ^ ? ° *  1 .4 5 0 5  ( S h r i n e r  an d  Y o u n g (9 3 ) g i v e  nj>° 1 .4 5 0 0 ) .
( - ) S e c . O c t y l  b ro m id e ,  7 g m s . ,  a s  p r e p a r e d  a b o v e ,  w as
h e a te d  a t  130°C w i t h  so d iu m  p h e n a te ,  4 .7  g m s . ,  f o r  tw e lv e
h o u r s .  The ( - ) s e c . o c t y l  p h e n y l  e t h e r  w as th e n  i s o l a t e d  i n
a  m anner a n a lo g o u s  t o  t h a t  u s e d  f o r  th e  (+ )  s e c . b u t y l  p h e n y l
19°
e t h e r  ( a b o v e ) ,  i t  h a d  b . p .  137°/l8m m . , *  1 .4 8 7 5  ,
« -1 7 .1 9 °  Y i e l d  1 .4  g m s..
The f i g u r e s  g i v e n  i n  T a b le  X IV  h ave  b e e n  c o r r e c t e d  to  th e  
v a lu e s  w h ic h  s h o u ld  h a ve  b e e n  o b t a in e d  i f  o p t i c a l l y  p u re  
( — ) se c .  o c t y l  a l c o h o l  ( —9 .9 ° )  h a d  b e e n  u s e d  i n  t h i s
e x p e r im e n t ,  ( I . e .  m u l t i p l i e d  b y  9 . 9 / 9 . 3 9  )•
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T a b le  IX
S p e c i f i c  R o t a t o r y  P o w e rs  o f  ( - )  G ly c id e  P h e n y l E t h e r
i n  th e H om ogeneous S t a t e
V i s i b l e  R e g io n U l t r a - v i o l e t  R e g io n
T = 
1 *
18.
0 .
5°0
5
T = 1 8 .5 ° 0  
1 = 0 .0 6
X A. [cL] X A . |jx]
6708 1 8 .5 ° 4346 4 6 .8 °
6458 SO. 2 4088 5 2 .3
6107 82. 9 3878 6 7 .7
5895 2 4 .9 3603 6 8 .2
5780 2 5 .5 3485 7 3 .7
5461 2 8 .2 3394 7 8 .9
5086 5 2 .9 3292 8 4 .4
4800 5 7 .2 3180 8 9 .7
4678 5 8 .6 L im i t  o f
4558  4 5 .6  T r a n s m i s s io n
In t e r m e d ia t e  R e g io n
T *  18°0 1 m 0. 25
X A. X A* K )
4707 5 8 .9 ° 4461 4 4 .0
4647 5 9 .1 4415 4 4 .9
46 50 5 9 .6 4383 4 5 .8
4602 4 0 .4 4337 4 6 .7
4556 4 1 .5 4285 4 7 .6
4528 4 2 .2 4260 4 8 .5
4476 4 3 .1 4202 4 9 .4
L im i t  o f  t r a n s m i s s i o n .
96
T a b le  X
S p e c i f i c  R o t a t o r y  P o w e rs  o f  ( - ) G ly c id e  P h e n y l E t h e r  
i n  D i e t h y l  E t h e r  S o l u t i o n
V i s i b l e  R e g io n  U l t r a - v i o l e t  R e g io n
T * 1 9 .6 ° C T *  1 9 .6 ° 0
c *  10. 32 1 *  1 .0 C 3= 10 . 32 1 *
X A. X A. CO
6458 7. 2 q 3998 1 3 .0 °
5893 8 .3 3983 1 4 .5
5780 8 .7 3937 1 6 .0
5461 9 .6 3907 1 7 .4
5086 1 0 .5 3843 1 8 .9 5
4800 1 1 .1 3813 2 3 .3
4678 - 3756 2 4 .8
4358 1 2 .3 3690 3 0 .6
3545 5 8 .0
L im i t  o f  T r a n s m is s io n .
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l a & s j g
The E f f e c t  o f  T e m p e ra tu re  on  th e  S p e c i f i c  R o t a t o r y  Pow er  
o f  H om oren eous ( - ) G ly c id e  P h e n y l  E t h e r
Temp.
°0
S p e c i f i c  R o t a t o r y  Pow er f o r  D i f f e r e n t  
W a v e le n g th s  ( A . U . )
6438  5780 5461 5086 4800  4358
U'&S’S’ D e n s i t y
T
* 4
2 5 .5 1 9 .5 2 4 .0 2 6 .8 3 1 .1 3 5 .3 4 3 .6 1 .6 2 2 1 .1 0 6
4 2 .8 1 6 .7 2 0 .8 2 3 .5 2 7 .0 - 3 7 .2 1 .6 8 3 1 .0 9 3
o
.
r
t<0 1 4 .1 1 7 .8 1 9 .8 2 2 .8 2 6 .0 3 1 .3 1. 580 1* 079
8 0 .0 11. 8 1 5 .0 1 6 .7 1 9 .6 2 1 .8 2 6 .0 1 .5 5 4 1 *0 6 4
9 8 .0 1 0 .4 1 2 .7 1 4 .3 1 6 .4 1 8 .4 2 1 .8 1 .5 2 6 1 .0 5 1
141 - 7 .9 8 .3 - - 1 1 .9 1 .4 2 1 .0 1 8
174 - 5 .3 5 .5 - -
CO•to 1 .2 4 0. 993
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The E f f e c t  o f  T e m p e ra tu re  on  th e  S p e c i f i c  R o t a t o r y  Pow er  
o f  ( - ) G ly c id e  P h e n y l E t h e r  i n  n - F u t y l  E t h e r  S o l u t i o n
c  =  9 . 4  1 = 1 . 0
Temp* : S p e c i f i c  R o t a t o r y  Po w er f o r  D i f f e r e n t  D i s p e r s i o n
°0 j W a v e le n g th s  ( A . U . )  R a t i o
6 4 3 8  6 7 8 0  6 4 6 1  5 0 8 6  4 3 5 8  T5 T~ " -
T a b le  X I I
2 8  - 5 . 3 - 6 . 9 - 7 . 6 - 7 . 7  - 8 . 4 1 . 1 0 6
4 1  j - 3 . 2 - 3 . 8 - 4 . 3 - 5 . 3  - 4 . 1 0 . 9 5 3
8 1  - 2 . 4 - 1 . 1 - +  1 . 9 -
9 6  - 1 . 3 - 0 . 7 + 0 . 3 +  3 . 2 1 1 . 8
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T a b le  X I I I
The U l t r a - v i o l e t  A b s o r p t i o n  Sp e c tru m  o f  G ly c id e  P h e n y l  E t h e r
(D e te rm in e d  b y  D r .G .H .B e a v e n )
In s t r u m e n t  Beckm an  p h o t o - e l e c t r i c  q u a r t z  s p e c t r o p h o to m e te r  
w it h  a  h y d ro g e n  d i s c h a r g e  lam p a s  th e  s o u r c e .
(1 )  I n  m ix e d  o c t a n e s
^ m a x  A# £ max max
2770 1520 3.162
2705 1740 3 .2 4 1
2650 1230 3 .0 9 0
2195 7480 3 .8 7 4
(2 )  H om ogeneous S u b s t a n c e
No s e l e c t i v e  a b s o r b t io n  down to  2940 A . .  F o r  a l a y e r  o f
\
0 .1 0  cm. th e  o p t i c a l  d e n s i t y  r i s e s  s m o o th ly  fro m  0 .0 5  
a t  3100 A. t o  0 .7 9  a t  2940  A.
9 9
T,aWk«, m
S p e c i f i c  R o t a t o r y  P o w e rs  o f  ( - ) S e c . O c t y l  P h e n y l E t h e r
i n  th e  H om ogeneous S t a t e
o l e - T  « 1 8 .5  0 d ^ a  0 .9 0 8
V i s i b l e  R e g io n  U l t r a - v i o l e t  R e g io n
1 a 0. 25 1 « 0 .0 6
X a. X a . 1 <*3
6*08 1 3 .1 ° 4632 3 3 .6 °
6438 1 4 .5 4338 3 9 .0
6104 1 6 .4 4031 4 6 .9
5893 1 8 .0 4005 4 9 .1
5780
V
1 9 .2 3627 7 4 .3
5461 2 1 .8 3424 8 6 .6
5086 2 6 .1 3310 9 9 .2 -
4800 3 0 .3 L im i t Of
4678 3 2 .1 T r a n s m is s io n .
4368 3 9 .2
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M e th o d s  A v a i l a b l e  f o r  th e  I n v e s t i g a t i o n  o f  O p t i c a l  R o t a t o r y  
D i s p e r s i o n  i n  th e  U l t r a - V i o l e t  R e g io n  o f  th e  S p e c tru m
A s  h a s  b e e n  p o in t e d  o u t  e a r l i e r  i t  i s  e s s e n t i a l  t h a t  
m e a su re m e n ts  o f  th e  r o t a t o r y  d i s p e r s i o n  s h o u ld  b e  e x te n d e d  
i n t o  th e  u l t r a - v i o l e t  r e g io n ,  i f  th e  r e s u l t s  a re  to  be  o f
fu n d a m e n ta l v a lu e .  I t  i s  t h e r e f o r e  p r o p o s e d  to  g i v e  a  s h o r t
s u r v e y  o f  th e  m e th o d s  a t  p r e s e n t  a v a i l a b l e  f o r  m e a s u r in g  th e  
r o t a t o r y  d i s p e r s i o n  i n  t h i s  r e g io n .
The n o rm a l m e th o d  f o r  th e  d e t e r m in a t io n  o f  th e  o p t i c a l  
r o t a t o r y  po w e r o f  a  l i q u i d  s u b s t a n c e  , o r  s o l u t i o n ,  i s  t o  
o b s e r v e  v i s u a l l y  t h r o u g h  a  co lu m n  o f  l i q u i d  o f  know n l e n g t h  
p la c e d  i n  a  tw o o r  t h r e e  f i e l d  p o la r im e t e r .  The r e a d in g  i s  
o b t a in e d  b y  m a t c h in g  th e  tw o o r  th r e e  f i e l d s .  T h e o r e t i c a l l y  
th e  th r e e  f i e l d  p o la r im e t e r  s h o u ld  b e  th e  e a s i e s t  to  u s e  a n d  
th e  m o st  a c c u r a t e .  I n  p r a c t ic e , h o w e v e r ,  t h i s  i s  n o t  a lw a y s
th e  c a se  s in c e  th e  c o lo u r  o f  th e  two o u t s id e  f i e l d s  i s  se ld o m
e x a c t l y  th e  same so  t h a t  o n ly  one o f  th e s e  m ay b e  m a tc h e d  
w i t h  th e  c e n t r a l  f i e l d  a t  o n ce . From  th e  p r a c t i c a l  p o in t  o f  
v ie w  t h e r e f o r e ,  i t  m ay be  t h a t  n o  in c r e a s e  i n  a c c u r a c y  i s  
o b t a in e d  b y  th e  u s e  o f  th e  th r e e  f i e l d  p o la r im e t e r  i n  th e  
v i s i b l e  r e g io n .  I n  th e  u l t r a - v i o l e t  r e g io n ,  h o w e v e r, i t  i s  
a lm o s t  e s s e n t i a l  t o  u s e  a th r e e  f i e l d  in s t r u m e n t ,  s in c e  
o t h e r w is e  th e r e  i s  no  c h e c k  on  th e  e v e n n e s s  o f  th e  
i l l u m i n a t i o n  o f  th e  f i e l d  o f  th e  in s t r u m e n t .  The p h o t o g r a p h s
1 0 3
on  p a g e  111 show  how d i f f i c u l t  i t  i s  t o  r e a d  a n  e x t i n c t i o n  
when th e  f i e l d  i s  u n e v e n ly  i l l u m i n a t e d  9 a n d  how e a s y  i t  
w o u ld  b e  t o  make am i n c o r r e c t  e s t im a t io n  o f  th e  e x t i n c t i o n  
p o s i t i o n  w i t h  a  two f i e l d  in s t r u m e n t .  I n  th e  v i s i b l e  r e g io n ,  
w a n d e r in g  o f  th e  l i g h t  s o u r c e  i s  u s u a l l y  o b s e r v a b le  im m e d ia t e ly  
an d  c a n  b e  c o r r e c t e d .  I n  th e  u l t r a - v i o l e t  r e g io n  th e  
i l l u m i n a t i o n  m ay b e  u n e v e n ,  th o u g h  i t  a p p e a r s  to  th e  eye  
t o  b e  e ve n . T h e r e fo r e  th e  f i r s t  r e q u ir e m e n t  o f  an  in s t r u m e n t  
f o r  m e asu re m e n t i n  th e  u l t r a - v i o l e t  r e g io n  i s  t h a t  i t  
s h o u ld  h a ve  th r e e  f i e l d s .
S e v e r a l  m e th o d s  o f  m e a s u r in g  i n  th e  u l t r a - v i o l e t  r e g io n  
o f  th e  sp e c tru m  h a v e  b e e n  d e v is e d .  T h e y  m ay be  d i v i d e d  
i n t o  tw o t y p e s  a c c o r d in g  t o  th e  m eans o f  r e c o r d i n g : -
( a )  T h o se  w h ic h  e m p lo y  a  p h o t o e l e c t r i c  c e l l .
(b )  T h o se  u t i l i s i n g  a  p h o t o g r a p h ic  p l a t e .
The r e c e n t  t r e n d  i n  s p e c t r o s c o p ic  w ork  i s  to w a rd s  th e  u s e  
o f  d i r e c t  r e a d in g  p h o t o e l e c t r i c  s p e c t r o p h o t o m e t e r s ,  th e  
p h o t o e l e c t r i c  c e l l  b e in g  m ore u n i f o r m ly  s e n s i t i v e  t o  l i g h t  o f  
d i f f e r e n t  w a v e le n g t h s  t h a n  a  p h o t o g r a p h ic  p l a t e .  T h i s  i s ,  
h o w e v e r, n o t  s o  im p o r t a n t  i n  p o l a r i m e t r i c  m e a su re m e n ts  S in c e  
th e y  depe n d  on  th e  v a r i a t i o n  i n  i n t e n s i t y  o f  a  p a r t i c u l a r  
s p e c t r a l  l i n e  , an d  n o t  o n  th e  c o m p a r is o n  o f  th e  i n t e n s i t i e s  
o f  d i f f e r e n t  l i n e s .
The p h o t o g r a p h ic  m e th o d  h a s  th e  a d v a n ta g e  t h a t  i t  p r o v id e s  
a p e rm a n e n t r e c o r d ,  a n d  th e  a c c u r a c y  o b t a in a b le  i s  h i g h e r ,  i n
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th e  r e g io n  o f  c o m p le te  t r a n s m i s s i o n ;  i n  th e  r e g io n  o f  
a b s o r p t io n  th e  a c c u r a c y  i s  m uch re d u c e d  i n  e i t h e r  c a s e  a n d  
e x a c t  c o m p a r is o n  i s  d i f f i c u l t  t o  make s in c e  , i n  th e  c a se  
o f  th e  p h o t o g r a p h ic  a p p a r a t u s  , th e  a c c u r a c y  d e p e n d s  u p o n  
th e  l e n g t h  o f  t im e  w h ic h  can  b e  d e v o te d  to  th e  m e asu re m e n t  
( s e e  m eth o d  ( b )  p a g e  1 1 2 ) .
The c r i t e r i o n  w h ic h  s h o u ld  b e  u s e d  i n  a s s e s s i n g  th e  m e r i t s  
o f  a p a r t i c u l a r  a p p a r a t u s  f o r  u s e  i n  th e  u l t r a - v i o l e t  r e g io n ,  
i s  i t s  p e r fo rm a n c e  when th e  s u b s t a n c e  u n d e r  i n v e s t i g a t i o n  
h a s  a  lo w  r o t a t o r y  po w e r an d  a  h i g h  a b s o r p t io n .
The m o st  c r i t i c a l  p a r a m e te r  i s  " p a t h  l e n g t h "  • F o r  a  g i v e n  
w a v e le n g th ,  c o m p le te  a b s o r p t i o n  t a k e s  p la c e  when th e  p a t h  
l e n g t h  o f  th e  l i g h t  i n  th e  l i q u i d  e x c e e d s  a  c e r t a i n  v a lu e ,  
a n d  a  v e r y  l a r g e  i n c r e a s e  i n  e x p o su re  p r o d u c e s  no  
s i g n i f i c a n t  i n c r e a s e  i n  th e  r a n g e  o f  o b s e r v a t io n .  T h u s  
" p a t h  l e n g t h "  i s  th e  f a c t o r  w h ic h  d e te r m in e s  th e  e x t e n t  
o f  th e  p e n e t r a t i o n  i n t o  th e  u l t r a - v i o l e t ,  m ore  th a n  th e  
b r i g h t n e s s  o f  th e  s o u r c e  , o r  th e  h a l f - s h a d o w  a n g le  u s e d ,  
s in c e  th e  e f f e c t  o f  th e s e  m ay be  c o u n t e r b a la n c e d  b y  a l t e r a t i o n  
o f  th e  e x p o su r e .
I n  g e n e r a l ,  t h e r e f o r e ,  th e  te c h n iq u e  s h o u ld  b e  t o  u s e  a s  lo w  
a h a l f - s h a d o w  a n g le  a s  p o s s i b l e ,  a s  b r i g h t  a n d  a s  c o n s t a n t  
a s o u r c e  a s  p o s s i b l e  , an d  a s  s h o r t  a  p a t h  l e n g t h  a s  th e  
a c c u r a c y  o f  th e  in s t r u m e n t  a l l o w s .
The ex am p le  on  p a g e  115 sh o w s t h a t  to  a t t a i n  th e  f o o t  o f  
th e  f i r s t  c h a r a c t e r i s t i c  a b s o r p t io n  b a n d  a t  c .  2800  A . , 
i n  g l y c i d e  p h e n y l  e t h e r ,  w o u ld  r e q u i r e  th e  u s e  o f  a l a y e r  
o f  l i q u i d  0 .0 3  cm. t h i c K  w i t h  o( a  0 .2 6 °  • I t  i s  t h e r e f o r e  
d e s i r a b l e  t h a t  th e  p o la r im e t e r  s h o u ld  be  a b le  t o  r e a d  t o  
0 .0 0 1  °. The L o w ry  p o la r im e t e r  h a s  a  s c a le  w h ic h  r e a d s  to  
0 .0 0 1 ° ,  b u t  th e  in s t r u m e n t ,  a s  u s e d  b y  th e  a u t h o r ,  d id  n o t  
seem  c a p a b le  o f  a n  a c c u r a c y  g r e a t e r  t h a n  0 .0 2 ° .  I f  th e  
in s t r u m e n t  c o u ld  b e  made t o  r e a d  t o  0 .0 0 1 ° ,  th e n  u s i n g  th e  
m eth o d  o f  " p i n  p o i n t i n g "  (p a g e  1 1 3 ) a n  a c c u r a c y  o f  one p a r t
o
i n  200 s h o u ld  b e  a t t a i n a b l e  w i t h  a  s u b s t a n c e  w i t h  oc *  0 .2 6  
f o r  W a v e le n g th s  i n  th e  r e g io n  o f  a b s o r p t io n .  T h i s  co m p a re s  
f a v o u r a b ly  w i t h  th e  a c c u r a c y  o f  one p a r t  i n  500 c la im e d  b y  
B r u h a t ^ 1 4 ) f o r  h i s  p h o t o e l e c t r i c  p o l a r im e t e r  when u s e d  i n  
th e  r e g io n  o f  t r a n s p a r e n c y  w i t h  oc *  45° .
(9 4 )
The m e th o d  o f  C o t t o n  a n d  D e scam p s d e s e r v e s  s p e c i a l  
c o n s id e r a t i o n  a s  i t  p r o v id e s  , i n  one o p e r a t io n ,  a r e c o r d  
o f  th e  r o t a t o r y  po w e r f o r  a  c o m p le te  sp e c tru m . D e scam p s  
e s t im a t e s  h i s  e r r o r  a s  0 .0 2 °  , w h ic h  c o m p a re s  w e l l  w i t h  
t h a t  a c t u a l l y  fo u n d  i n  th e  L o w ry  in s t r u m e n t ,  e s p e c i a l l y  
when i t  i s  rem em bered  t h a t  th e  m ethod  o f  C o t t o n  a n d  D e scam p s  
i s  m uch l e s s  t e d io u s  t h a n  t h a t  o f  L o w ry ; i t  h a s  , h o w e ve r , 
two m a jo r  d i s a d v a n t a g e s : -
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( a )  I t  i n v o l v e s  c o n t in u o u s ly  m o v in g  p a r t s ,  w h ic h  r a i s e s  
d i f f i c u l t i e s  when u tm o s t  a c c u r a c y  i s  r e q u i r e d .
(b )  I t  o n ly  a l l o w s  th e  u s e  o f  a  s m a l l  a p e r t u r e .
The p h o t o e l e c t i c  m e th o d , th o u g h  i t  h a s  b e e n  c o n t in u o u s ly  
im p ro v e d  b y  B r u h a t  ( e t  a l i j * )  h a s  n o t  y e t  a c h ie v e d  th e  
a c c u r a c y  o f  th e  p h o t o g r a p h ic  m e th o d s  ( s e e  a b o v e ) .  L o w r y 's  
m eth o d  , i f  im p ro v e d  a s  o u t l i n e d  on  p a g e  1 1 4 , w o u ld  p r o v e  
a  v e r y  u s e f u l  t o o l  i n  th e  s y s t e m a t ic  i n v e s t i g a t i o n  o f  th e  
r o t a t o r y  d i s p e r s i o n  o f  s im p le  o r g a n ic  m o le c u le s ,  a  p r o c e s s  
w h ic h ,  a s  y e t ,  h a s  h a r d ly  b e e n  a t te m p te d .
A  d e t a i l e d  r e v ie w  o f  th e  m e th o d s  o f  u l t r a - v i o l e t  p o l a r im e t r y  
h a s  b e e n  g i v e n  b y  L o w ry ^ 1 4 ) .
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E x p la n a t i o n  o f  th e  M e th o d  o f  U se  o f  th e  L o w ry  U l t r a - V i o l e t
P o la r im e t e r
T h ro u g h  th e  c o u r t e s y  o f  P r o f e s s o r  R . G . W . N o r r i s h  F . R . S . ,  i t  w as  
p o s s i b l e  t o  u s e  th e  l a t e  P r o f e s s o r  T .M . L o w r y 's  in s t r u m e n t .
A  d e s c r i p t i o n  o f  th e  m e th o d s  e m p lo y e d , t o g e t h e r  w i t h  th e  
r e s u l t s  o b t a in e d  f o r  th e  r o t a t o r y  d i s p e r s i o n  o f  q u a r t z  h a s  
b e e n  g i v e n  b y  L o w ry  a n d  C o o d e -A d am s^ 1 1  ^ • The p r e s e n t  s h o r t
to  Cmy>V<*M t  <-
a c c o u n t  o f  th e  m eth o d  o f  w o r k in g  th e  in s t r u m e n t  i s  g i v e n  m a in ly / i  
some p r a c t i c a l  p o i n t s  o f  o p e r a t io n .
A
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The in s t r u m e n t  c o n s i s t s  o f : -  
A  I r o n  A r c  
l q  a q u a r t z  l e n s
B a  th r e e  f i e l d  p o la r ia e fc e ? *  c o n s i s t i n g  o f  one l a r g e  a n d  two  
s m a l l  F o u c a u lt  p r i s m s  c o n t a in in g  an  a i r  f i l m  i n s t e a d  o f  
th e  C a n a d a  b a ls a m  u s u a l  i n  th e  G la z e b r o o k  p r i s m s ,  w h ic h  a re  
u s e d  i n  th e  v i s i b l e  a n d  n e a r  u l t r a - v i o l e t  r e g io n s .
A p e r tu r e  o f  l a r g e  p r i s m  f  i n s .  a p p r o x im a t e ly .
1 0 8
0 S l i t  -  f u l l y  open  f o r  u s e  i n  th e  u l t r a - v i o l e t .
D L o n g  t r o u g h  -  made p r i m a r i l y  f o r  L o w r y 's  6 dm. q u a r t z  b a r .
E  A n a ly s e r  9 one l a r g e  F o u c a u lt  p r is m .
F  Q u a r t z - c a l c i t e  l e n s  c o m b in a t io n ,  l g  , w h ic h  f o c u s s e s  a n  
im age  o f  th e  a p e r t u r e  a t  0 on  th e  s l i t ,  G , o f  th e  s p e c t r o  
- g r a p h .
G F in e  s l i t  o f  H i l g e r  M ed ium  S p e c t r o g r a p h .
The v a r i o u s  p a r t s  o f  th e  p o la r im e t e r  a re  m o u n ted  on  a  
w ooden o p t i c a l  b e n c h ,  a n d  th e  s p e c t r o g r a p h  o n  a  s e p a r a t e  t a b le .  
The f o c a l  l e n g t h  o f  th e  l e n s , l g  , i s  a b o u t  30 in c h e s  , so  t h a t  
th e  o p e r a t o r  c a n  e x am in e  th e  f i e l d  v i s u a l l y  a t  F  , a n d  se e  
t h a t  th e  im age  o f  0 i s  c o r r e c t l y  f o c u s s e d  on  G, a n d  a l s o  t h a t  
e v e n  i l l u m i n a t i o n  i s  p r o v id e d  b y  th e  a r c .  I f  n e c e s s a r y  
th e  l e n s ,  l g  , c a n  be  r e p la c e d  b y  a  p r i s m a t i c  e y e p ie c e  
w it h o u t  d i s t u r b i n g  th e  s p e c t r o g r a p h .
P ro c e d u re
(1 )  U s in g  th e  v i s u a l  e y e p ie c e ,  s e t  th e  p o la r im e t e r  a t  i t s  
a p p ro x im a te  e x t i n c t i o n  p o s i t i o n  w i t h  th e  em pty p o la r im e t e r  
tu b e  i n  p o s i t i o n .
(2 )  R e p la c e  th e  e y e p ie c e  b y  th e  l e n s ,  l g ,  a n d  p h o t o g r a p h  
th e  z e ro  s e t t i n g  u s i n g  th e  s p e c t r o g r a p h .  A l t e r  th e  
a n a ly s e r  s e t t i n g  a  fe w  f r a c t i o n s  o f  a  d e g re e  t o  one  
s id e  o f  th e  e x t i n c t i o i v p h o t o g r a p h ,  -  r e p e a t  f o r  s e v e r a l  
d i f f e r e n t  s e t t i n g s  o f  th e  a n a ly s e r .  Now r e p e a t  th e  
p r o c e d u r e  o n  th e  o t h e r  s id e  o f  th e  v i s u a l  z e r o .  T h i s
p r o v id e s  e v id e n c e  o f  th e  p o s i t i o n  o f  th e  z e ro  o f  th e  
in s t r u m e n t  and th e  p o la r im e t e r  tu b e  co m b in e d , f o r  v a r io u s  
w a v e le n g th s . From t h i s  a z e ro  c a l i b r a t i o n  c u rv e  i s  
c o n s t r u c te d .  The in s t r u m e n t  i t s e l f  shows v e r y  l i t t l e
r o t a t o r y  d is p e r s io n  above 2 5 0 0  A.
( 3 )  F i l l  th e  p o la r im e t e r  tu b e  w i t h  th e  s u b s ta n c e , and s e t  th e
a n a ly s e r  to  th e  a p p ro x im a te  v a lu e  o f  d e te rm in e d  v i s u a l l y  
f o r  4 3 5 8  A . P h o to g ra p h  -  c lo s e  th e  s m a ll s h u t t e r  o v e r  s l i t  
(t , th e n  in c r e a s e  th e  a n a ly s e r  s e t t i n g  and  a l t e r  th e  p l a t e  
s e t t i n g .  The f i e l d  i s  p h o to g ra p h e d  f o r  th e  new s e t t i n g
b y  re o p e n in g  th e  s m a ll  s h u t t e r  a t  0 .
r
The f i r s t  p h o to g r a p h ic  p l a t e  s h o u ld  c o n t a in : -
( a )  Some 5 o r  6 p h o to g ra p h s  o f  z e r o  s e t t in g s  (s e e  ( 2 )  a b o v e ) .
(b )  4  o r  5 w e l l  spaced  r e a d in g s  , c o v e r in g  as f a r  as  p o s s ib le
th e  w h o le  ra n g e  o f  p r o b a b le  <* up to  th e  r e g io n  o f  
a b s o r p t io n  o r  a l i t t l e  b e y o n d .
F . F .  f o r  t h i s  re a s o n  th e  u l t r a - v i o l e t  a b s o r p t io n  s p e c tru m  
o f  th e  compound s h o u ld  f i r s t  be d e te r m in e d .
T h is  p ro c e d u re  e n a b le s  f u r t h e r  s e t t in g s  o f  th e  a n a ly s e r  to  
be  p la n n e d  so as to  c o v e r ,  a t  s u i t a b le  i n t e r v a l s ,  a l l  th e
r o t a t i o n s  up to  th e  r e g io n  o f  a b s o r p t io n .
( 4 )  T h e re  a re  tw o w ays i n  w h ic h  th e  p o la r im e t e r  may b e  used
( a )  F i r s t  M e th o d
The p o la r im e t e r  i s  s e t  a t  d e f i n i t e  v a lu e s  o f  as
i n  ( 3 )  a b o v e . The e x t i n c t i o n s  a r e  d e te rm in e d  as  f o l l o v rs : -
Interpretation of Photograph?
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( b )R u n  eye  dow nw ard a lo n g  
s p e c t r a l  l i n e
ii
e x t i n c t i o n
g i v e s 11
h e re II
\
II
II
( a )R u n  eye  a lo n g  th e  
sp e c tru m .  
E x t i n c t i o n s  show n  
h e re
t
i H n III
1
H H i i III
t
|i i i  H III
I j m i  n  i i
1
III
(b )R u n  eye  u p w ard  a lo n g  s p e c t r a l  l i n e
■ftp u re  4
The d ia g r a m  i l l u s t r a t e s  m e th o d s  ( a )  A  (b )  o f  l o c a t i n g  
e x t i n c t i o n  p o s i t i o n s .
N .B .  (1 )  I n  th e  d ia g r a m  th e  e x t i n c t i o n  p o s i t i o n  i s  show n m o v in g  
fro m  one l i n e  t o  th e  n e x t  i n  s u c c e s s iv e  p h o t o g r a p h s  
( a n  i d e a l  c a s e ) .
(2 )  The s e t t i n g s  o f  th e  a n a ly s e r  u s e d  f o r  m ethod  ( a )  u s u a l  
r e n d e r  i t  im p o s s ib le  to  u s e  m ethod  (b )  s im u l t a n e o u s ly .
(3 )  The m ethod  o f  r e a d in g  th e  p h o t o g r a p h s  o f  th e  z e ro  
s e t t i n g s  i s  s i m i l a r  to  t h a t  e m p lo ye d  i n  th e  v i s i b l e  
r e g io n  u n l e s s  th e  in s t r u m e n t  o r  p o la r im e t e r  tu b e  show s  
r o t a t o r y  d i s p e r s i o n ,  when th e  e x t i n c t i o n s  m u st  be  
e s t im a t e d  a s  a b o v e ,  and a  c a l i b r a t i o n  c u rv e  c o n s t r u c t e  
t o  g i v e  th e  z e ro  f o r  an y  w a v e le n g th .
(4 )  I n  th e  ab o ve  f i g u r e  the  v a r i a t i o n s  a re  i n  th e  th ic ic n e a  
o f  th e  l i n e  r a t h e r  th a n  i n  i t s  i n t e n s i t y ,  t h i s  i s  a l s o  
th e  c a s e  i n  p o s i t i v e  p r i n t s ,  b u t  th e  r e v e r s e  i s  th e  
c a s e  i n  th e  n e g a t i v e .
I l l
o r  th e  z e ro  p o s i t i o n .  F ig u  
s e t t i n g s  o f  a n a l y s e r  s c a le
( 1 )  The f i g u r e s  d e n o te  th e  w a v e le n g th s  o f  th e  e x t i n c t i o n s ( i n  A .U .)  
( e x c e p t  a s  i n  2 ) .  The a p p ro x im a te  p o s i t i o n  o f  th e  e x t i n c t i o n  
i s  i n d i c a t e d  "by th e  w h ite  l i n e .
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(2 )  S h o w in g  th e  a p p e a ra n c e  o f  the  p h o to g r a p h s
f i
The eye i s  r u n  a lo n g  th e  p h o t o g r a p h  ( f o r  a p a r t i c u l a r  
s e t t i n g  o f  th e  a n a l y s e r )  u n t i l  i t  r e a c h e s  a  s p e c t r a l  l i n e  
i n  w h ic h  th e  i n n e r  an d  two o u t e r  p o r t i o n s  a r e  e v e n ly  
i l l u m in e d .  The w a v e le n g th  o f  t h i s  l i n e  i s  r e a d  o f f  fro m  
th e  s t a n d a r d  w a v e le n g t h  c h a r t ,  t h u s  g i v i n g  th e  w a v e le n g th  
c o r r e s p o n d in g  t o  e x t i n c t i o n  f o r  a  p a r t i c u l a r  .
T h i s  i s  th e  m e th o d  m o st  com m only u s e d  a s  i t  q u i c k l y
*
c o v e r  8 th e  d e s i r e d  r e g io n  o f  th e  sp e c  tram .
The a c c u r a c y  d e p e n d s  on  th e  h a l f - s h a d o w  a n g le  u s e d ,  th e  
d e n s i t y  o f  th e  n e g a t iv e  a t  th e  e x t i n c t i o n  p o s i t i o n ,  an d  
th e  num ber o f  l i n e s  a v a i l a b l e  i n  t h a t  r e g io n .
(b )  S e c o n d  M e th o d
The r o t a t i o n  c o r r e s p o n d in g  t o  a g i v e n  s p e c t r a l  l i n e  i s  
e s t im a t e d  o r  d e te rm in e d  e x p e r im e n t a l ly  a s  i n  ( 3 )  a n d
( 4 ) ( a )  a b o v e ,  an d  th e n  th e  a n a ly s e r  i s  s e t  to  f r a c t i o n s  
o f  a d e g re e  e i t h e r  s id e  o f  th e  e x p e c te d  e x t i n c t i o n  
p o s i t i o n  , t h u s  o b t a i n i n g  a  s e r i e s  o f  p h o t o g r a p h s  i n  
w h ic h  th e  l i n e  a p p e a r s ,  on  th e  p r i n t s ,  a s  a  w h ite  l i n e ,  
i n  one p h o t o g r a p h  d a r k e r  i n  th e  m id d le  th a n  o n  th e  
o u t s i d e ,  i n  th e  n e x t  o f  th e  seme d e n s i t y  t h r o u g h o u t  th e  
l i n e  ( e x t i n c t i o n  p o s i t i o n ) ,  an d  i n  th e  n e x t  d a r k e r  on  th e  
o u t s id e  th a n  i n  th e  m id d le .  I n  t h i s  m eth o d  th e  eye  
r u n s  ujs an d  down a g i v e n  s p e c t r a l  l i n e  i n  th e  s e r i e s  o f  
p h o t o g r a p h s ,  s e l e c t i n g  t h a t  i n  w h ic h  th e  l i n e  a p p e a r s  
e v e n ly  i l l u m i n e d ,  th e  a n a ly s e r  s e t t i n g  c o r r e s p o n d in g  t o  
th e  p h o t o g r a p h  g i v e s  f o r  t h a t  l i n e .  (M e th o d s  ( a )  A  ( b )
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a re  i l l u s t r a t e d  b y  F ig u r e  4 , p a g e  1 1 0 ) .  T h i s  m e th o d  
c o r r e s p o n d s  to  t h a t  n o r m a l ly  u s e d  i n  th e  v i s i b l e  
r e g io n ,  an d  f o r  a  g i v e n  h a l f - s h a d o w  a n g le  i t  g i v e s  
g r e a t e r  a c c u r a c y  th a n  t h a t  o b t a in a b le  v i s u a l l y .
I t  i s  , h o w e ve r , v e r y  t e d io u s  ; i t  i s  g e n e r a l l y  
d e s c r ib e d  a s  " p i n  p o i n t i n g " .
(5 )  A n  e x t i n c t i o n  i s  m o st  r e a d i l y  o b s e r v e d  when th e  l i n e s  i n  
t h a t  r e g io n  a r e  o n ly  j u s t  v i s i b l e  on  th e  n e g a t iv e .  The  
u s u a l  m e th o d  o f  o b s e r v a t i o n  i s  v i s i b ^  i n s p e c t i o n  u s i n g  
a lo w  pow er t r a v e l l i n g  m ic r o s c o p e .  P r o j e c t i o n  m e th o d s  
may b e  u s e d  ( p a r t i c u l a r l y  f o r  (b )  a b o v e )  when the  
n e g a t i v e s  a re  o f  m edium  d e n s i t y .  A  p h o t o e l e c t r i c  
d e n s it o m e t e r  w o u ld  be  v e r y  u s e f u l  a t  t h i s  s t a g e ,  s in c e  a s  
th e  l i n e s  h ave  i n d i v i d u a l  c h a r a c t e r i s t i c s  i t  i s  im p o s s ib le  
t o  make s e v e r a l  e s t i m a t io n s  o f  th e  e x t i n c t i o n  w i t h in  a  
s h o r t  sp a c e  o f  t im e  w i t h o u t  b e in g  b i a s s e d  a s  t o  i t s  
p o s i t i o n .
(6 )  F o r  a c c u r a t e  w o rk  a  k n o w le d g e  o f  th e  p r o b a b le  s t r e n g t h  o f  
th e  l i n e s  i s  d e s i r a b l e  so  t h a t  e x p o s u r e s  c a n  b e  t im e d
t o  g i v e  a s u i t a b l y  d e n se  n e g a t iv e  a t  th e  e x t i n c t i o n  
p o s i t i o n .  A  d e n se  n e g a t i v e  m akes a c c u r a t e  w ork  
im p o s s ib le .  A  n e g a t i v e  o f  s u i t a b l e  d e n s i t y  f o r  m e a s u r in g  
e x t i n c t i o n s  g i v e s  a  v e r y  p o o r  p r i n t .
( 7 )  I f  th e  i n v e s t i g a t i o n  i s  t o  r e a c h  s h o r t  w a v e le n g t h s  w i t h
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s t r o n g l y  a b s o r b in g  s u b s t a n c e s ,  th e n  a  s h o r t  c e l l  
( s a y  0 *5  cm .) s h o u ld  be  u s e d  an d  th e  a c c u r a c y  m a in t a in e d  
b y  u s i n g  a  lo w e r  h a l f - s h a d o w  a n g le  an d  l o n g e r  e x p o s u r e s .  
The 10° h a l f - s h a d o w  a n g le  u s e d  i n  th e se  e x p e r im e n t s  i s  
to o  g r e a t  t o  a l lo v /  an  a c c u r a c y  o f  im ich m ore th a n  1% a n d  
i n  d e n se  r e g io n s  th e  a c c u r a c y  d r o p s  to  a b o u t  3$ •
r
(8 )  The lo n g  d i s t a n c e  b e tw e e n  th e  p o l a r i s e r  a n d  th e  a n a ly s e r  
i n  t h i s  p a r t i c u l a r  in s t r u m e n t ,  w h i l s t  e n s u r in g  t h a t  o n ly  
p a r a l l e l  l i g h t  p a s s e s  t h r o u g h ,  m akes th e  c e n t r in g  o f  th e  
a r c  m ore c r i t i c a l  an d  v e r y  d i f f i c u l t  t o  m a in t a in .
( 9 )  The c h i e f  d i f f i c u l t y  i n  th e  u s e  o f  t h i s  in s t r u m e n t  i s  
th e  m e n ta l an d  p h y s i c a l  f a t i g u e  o c c a s io n e d  b y  th e  lo n g  
e x p o s u r e s  i n  th e  d a r k .  The a r c  so m e tim e s  r u n s  
s a t i s f a c t o r i l y  f o r  s e v e r a l  h o u r s ,  b u t  u s u a l l y  r e q u i r e s  
f r e q u e n t  a t t e n t i o n  i n  o r d e r  t o  k eep  th e  beam  c e n t r a l i s e d  
on  th e  a n a ly s e r .  I n  an y  f u t u r e  d e v e lo p m e n t o f  th e  
in s t r u m e n t  an  a u t o m a t ic  m eth od  o f  c e n t r i n g  th e  a r c  w i l l  
be d e s i r a b l e .  The in s t r u m e n t  w o u ld  th e n  r e q u i r e  o n ly  
o c c a s io n a l  a t t e n t i o n ,  f o r  the  a l t e r a t i o n  o f  th e  a n a ly s e r  
s e t t i n g s  a n d  when th e  a r c  f a i l e d .
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Notes on the Measurements In the Ultra-Violet Region
H om ogeneous ( - ) Q l y c i d e  P h e n y l  E t h e r
(1 )  U s in g  0 .2 6  dm. c e l l  an d  g l a s s  en d  p l a t e s  i t  w as o n ly  
p o s s i b l e  t o  p ro c e e d  down t o  4202  A . w i t h  an e x p o su re  o f  1 h o u r
(2 )  U s in g  0 .0 6  dm. f u s e d  q u a r t z  c e l l  th e  l i m i t  o f  t r a n s m i s s i o n  
w as 3180  A . (e x p o s u r e  1 h o u r ) .  O n ly  a  v e r y  s m a l l  c o r r e c t i o n  
i s  r e q u i r e d  f o r  th e  r o t a t o r y  d i s p e r s i o n  o f  t h i s  c e l l .
(5 )  A b s o r p t io n  d a t a  i n d i c a t e  t h a t  i t  i s  n o t  p o s s i b l e  to  
p r o c e e d  m uch b e lo w  3180  A  s i n c e : -  ( s e e  p a g e  98 )
a  l a y e r  o f  0 .1  cm. a t  3100  A  h a s  an  o p t i c a l  d e n s i t y  o f  0 .0 5
0 .1  2940  0 .7 8
0 .5  3180  0 .2 6
a p p r o * .
. * .  0 .2 5  i s  th e  maximum d e n s i t y  w h ic h  w i l l  p e r m it  a
r e a d in g  on  th e  p h o t o g r a p h ic  p l a t e  o f  th e  p o la r im e t e r .
0 o r r e s p o n d in g
T h u s  to  r e a c h  2940  A  a  l a y e r  0 .0 3  cm s. i s  r e q u i r e d  0 .2 6
3055 0 .1 0  ~ 0 .8
fh e s e  f i g u r e s  s e r v e  t o  show  why no  a t te m p t  w as made t o  
p r o c e e d  w i t h  th e  i n v e s t i g a t i o n  o f  th e  r o t a to r y ,  d i s p e r s i o n  
b e lo w  3180 A.
( - ) Q l y c i d e  P h e n y l E t h e r  i n  S o l u t i o n  i n  D i e t h y l  E t h e r
L im i t  o f  t r a n s m i s s i o n  i n  £  dm. tu b e  3645 A  (e x p o s u r e  
h a l f  an  h o u r )  • B a la n c e d  q u a r t z  en d  p l a t e s  u s e d ,  z e ro  
c o r r e c t i o n  d e te rm in e d  f o r  one v /a v e le n g th  an d  th e  c o r r e c t i o n  
f o r  o t h e r  w a v e le n g t h s  c a l c u l a t e d  fro m  th e  D ru d e  e q u a t io n  
f o r  q u a r t z .  ( T h i s  i s  n e c e s s a r y  b e c a u se  t h e " b a l a n c e " o f  th e  
end  p l a t e s  i s  d e s t r o y e d  when th e y  a re  sc re w e d  up i n  th e  
p o la r im e t e r  t u b e ) .
( - ) S e c . O c t y l  P h e n y l  E t h e r
0 .5  cm. f u s e d  q u a r t z  c e l l  u s e d ( lo w  z e ro  c o r r e c t i o n )
L im i t  o f  t r a n s m i s s i o n  3300  A  (e x p o s u r e  15 m in u te s )  
U n f o r t u n a t e ly  t im e  w as n o t  a v a i l a b l e  a t  C a m b r id g e  f o r  
an  e x t e n s io n  o f  th e  i n v e s t i g a t i o n  b y  u s i n g  l o n g e r  e x p o s u r e s .
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o f  G ly c id e  P h e n y l  E t h e r
(1 )  A t te m p te d  e v a l u a t i o n  o f  a  tw o - te r m afro m  th e  r o t a t o r y  
d i s p e r s i o n  c u rv e  a lo n e  ( s e e  p a g e  4 3 ) .
(2 )  E v a l u a t i o n  o f  e q u a t io n s  p a r t l y  fro m  know n a b s o r p t io n  
f r e q u e n c ie s  i n  g l y c i d e  p h e n y l  e t h e r ,  a n d  p a r t l y  fro m  
th e  r o t a t o r y  d i s p e r s i o n  c u rv e  ( s e e  p a g e  4 4 ) .  A  tw o -te rm  
e q u a t io n  c a l c u l a t e d  b y  t h i s  m ethod  n e e d s  o n ly  two  
e x p e r im e n ta l  o b s e r v a t i o n s  o f  r o t a t o r y  pow er f o r  i t s  
s o l u t i o n ,  w h i l s t  a th re e  te rm  e q u a t io n  r e q u i r e s  t h r e e ,
i . e .  i t  i s " t i e d " t o  th e  e x p e r im e n t a l  c u rv e  a t  a  f u r t h e r  
p o in t  • The c o r r e s p o n d in g  num bers o f  o b s e r v a t i o n s  r e q u i r e d  
f o r  e v a lu a t i o n  fro m  th e  r o t a t o r y  d i s p e r s i o n  c u rv e  a lo n e  
b e in g  f o u r  an  s i x  r e s p e c t i v e l y .  T h u s  th e  m eth od  o f  
c a l c u l a t i o n  h e re  u s e d  i s  i n c l i n e d  to  dem and a d d i t i o n a l  
te rm s  o v e r  an d  ab o ve  th o s e  r e q u i r e d  f o r  a  d i r e c t  
d e t e r m in a t io n  s o l e l y  fro m  th e  r o t a t o r y  d i s p e r s i o n  c u rv e .
On th e  o t h e r  h a n d , i t  show s th e  d i f f i c u l t y  o f  d r a w in g  
c o n c lu s i o n s  fro m  th e  r o t a t o r y  d i s p e r s i o n  c u rv e  a lo n e  , 
s in c e  s e v e r a l  c o m b in a t io n s  o f  d i f f e r e n t  a b s o r p t io n  b a n d s  
may be  made t o  f i t  th e  r o t a t o r y  d i s p e r s i o n  c u rv e  i n  th e  
v is ib b f c  an d  n e a r  u l t r a - v i o l e t  r e g io n s .
Appendix
Evaluation of Drude Equations for the Rotatory Dispersion
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M e th o d  o f  C a l c u l a t i o n
(a ) T w o -te rm  e q u a t io n  u s i n g  two v a lu e s  o f  L°0 a n d
v a lu e s  o f  a n d  \  s e le c t e d  fro m  p o s s ib & ft  a b s o r p t io n  
b a n d s*  The e v a lu a t i o n  r e s o l v e s  i t s e l f  i n t o  th e  
s o l u t i o n  o f  th e  e q u a t io n s
(b )  T h r e e - te r m  e q u a t io n  m ethod  s i m i l a r  t o  t h a t  u s e d  f o r  
a tw o -te rm  e q u a t io n  e x c e p t  t h a t  th e  s o l u t i o n  i n v o l v e s  
th r e e  s im u lt a n e o u s  e q u a t io n s  r e p r e s e n t in g  th re e  
d i f f e r e n t  s e t s  o f  v a lu e s .
(3 )  D i r e c t  e v a l u a t i o n  o f  a  s i n g l e - t e r m  e q u a t io n  fro m  th e  
th e  r o t a t o r y  d i s p e r s i o n  c u rv e  b y  e q u a t in g
d i s p e r s i o n  o f  g l y c i d e  p h e n y l  e t h e r  i n  e t h e r e a l  s o l u t i o n .  
The r e s u l t s  o b t a in e d  f o r  a  two te rm  e q u a t io n  a r e  n o t  
g o o d  e n o u gh  t o  m e r i t  c o m p a r iso n .
=P(
[oQ ( = ... K
x,' -  V
(4 )  E v a l u a t i o n  o f  a  t h r e e - t e r m  e q u a t io n  f o r  th e  r o t a t o r y
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(1 )  A t te m p te d  E v a l u a t i o n  o f  a  Tw o-Term  E q u a t io n  fro m  th e
E x p e r im e n t a l  R o t a t o r y  D i s p e r s i o n  C u rv e
The m eth o d  e m p lo ye d  i s  t h a t  s u g g e s t e d  b y  L o w ry^ 1 4 ) .
The v a lu e s  u s e d  w ere c h o se n  fro m  a sm oo th  c u rv e  t h r o u g h  th e  
e x p e r im e n t a l  p o i n t s .  My M i s  th e  s p e c i f i c  r o t a t o r y  po w e r  
c o r r e s p o n d in g  t o  a w a v e le n g th  Mx “ .
= 6 7 0 7 . 8 6  x s  = 5 4 6 0 . 7 3  X g  = 4 3 5 8 . 3 4  x 4  = 3 2 9 2 . 5 9 9
y q  »  + 1 8 . 4 9  y g  =  + 2 8 . 2 0  y g  *  + 4 5 . 6 0  y 4  =  + 8 4 . 4 0
th e  s i g n  o f  th e  r o t a t i o n s  i s  t h a t  o f  ( + ) g l y c i d e  p h e n y l  e t h e r .
Glycide Phenyl Ether
X g y 2 = 1 5 3 ,9 9 2 *5 8 6  X 3 y 3 = 1 9 8 ,7 4 0 .3 0 4  X4 y 4 = 2 7 7 ,8 9 5 .3 5 6
Xt Y t =1 2 4 ,0 2 8 .3 3 1  X i y i = 1 2 4 ,0 2 8 .3 3 1  X q y i=  1 2 4 .0 2 8 .3 3 1
kq  = -2 9 ,9 6 4 .2 5 5  k 2  = -7 4 ,7 1 1 .9 7 3  k g  = -1 5 3 ,8 6 7 .0 2 5
w here k q  *  -  x 2y 2 e * c#
l l = X i -  X C)« + 1 2 4 7 . 1 5  l g c x ^ -  x 3=+2349« 5 2  l ^ a X ^ -  X 4 =»f3415.26
m l = y i “  y 2 *  - 9 . 7 1  m 2 = y i -  y 3 =  - 2 7 . 1 1  m g = y q -  y 4 =  - 6 5 . 9 1
X 2 y 2 » 8 4 0 ,9 1 1 ,9 3 0  X g y 3  .8 6 6 ,1 1 0 ,4 0 4  x a y 4  = 9 1 4 ,9 9 7 ,9 7 2
xg-V, = 8 3 1 .9 6 4 .6 8 3  X ?y ,  = 8 3 1 .9 6 4 .6 8 3  X fy ,  .8 5 1 .9 6 4 .6 8 5
n£  = - 8 ,9 4 7 ,2 4 7  rig = -3 4 ,1 4 5 ,7 3 1  n g  = -8 3 ,0 3 3 ,2 8 ^
2 2 
w here  nq = x ^ y 3 -  X o y 2 e t c .
m gn g= + 2 ,2 5 1 ,0 3 2 ,4 6 0  n g l3 =  —1 1 6 ,6 1 6 ,5 1 5 ,1 0 2  lg m g s —1 5 4 ,8 5 6 .6 8 3  
m gnpa+2 i 2 5 0 .5 4 4 .4 7 0  n g l 2= —1 9 5 .0 8 8 .3 7 3 .1 7 1  l«^mo=— 9 2 .5 8 7 .6 9 8  
<*«+ 4 8 7 ,9 9 0  0 =  + 7 8 ,4 7 1 ,8 5 8 ,0 8 9  y = -  6 2 ,2 6 8 .9 8 5
1 , <*=+ 6 0 8 ,5 8 6 ,9 6 9  m-, /?= -7 6 1 ,9 6 1 ,7 4 1 ,1 8 0  k i  y = + 1 8 6 ,5 8 4 ,3 7 * .0
k l< *= -1 4 ,6 2 2 ,2 5 6 ,7 9 7  n i  f  = + 5 5 ,7 1 3 ,5 9 8 ,9 2 5 .0
/*=+ 2 ,3 5 1 ,3 5 0 ,7 6 3 ,4 3 5 ,0 0 0 .0
m oks « + 4 ,1 7 1 ,3 3 5 ,0 4 8
m3^ c2® + 4  > 924  . 2 6 6 .1 4 0
am  -  7 5 2 ,9 3 1 .0 9 2
lq  <^  = — 9 3 9 ,0 0 2 ,9 5 2 .0 0 0
-n|A« -6,736,660,454,103.000
k g ig ®  -  2 5 5 ,1 6 0 ,8 1 3 .
k s l 2 =  -  3 6 1 .5 1 3 .5 9 4 .
'O = + 1 0 6 ,3 5 2 ,7 8 1 .
1111*©=- 1 ,0 3 2 ,6 8 5 ,5 0 3 .
nq ©■ = -9 5 1 ,5 6 4 ,4 9 4 ,3 9 1 ,1 2 6 .
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**2^*3 35 + 5 , 2 5 5 , 6 6 6 , 2 8 5 , 0 0 0 .
n»xlCQ — + 6 , 2 0 3 ,5 6 0 ,8 4 6 , QUO.
$ *  -  9 4 7 ,9 2 1 ,6 6 1 ,0 0 0 .
m. <p =  + 9 ,2 0 4 ,3 1 6 ,3 5 7 ,3 1 0 ,
i t  0 ■  -1 1 8 2 ,1 8 1 ,4 1 6 ,5 6 9 ,0 0 0 .
C a l c u l a t i o n  o f  " A 1' Im t x E o s x  ( s e e  Low ry^-1-'-) p a g e  4 2 1 )  
Top l i n e  B o t to m  l i n e
9 3 9 ,0 0 2 ,9 5 2 .  
1 .0 3 2 .6 8 5 .5 0 3 . 
1 ,9 7 1 ,6 8 7 ,4 5 5 .
1 8 6 .5 8 4 .3 7 5 . 
1 ,7 8 5 ,1 0 8 ,0 8 0 .
+ 6 0 8 ,5 8 6 ,9 6 9 .
+ 5 5 .7 1 3 .5 9 8 .9 2 3 ,
l«j^  (X
s4n( *  + 5 6 ,3 2 2 ,1 8 5 ,8 9 2 .  
m ,8  = - 7 6 1 ,9 6 1 .7 4 1 .1 8 0 . 
Sum *  -7 0 5 ,6 3 9 ,5 5 5 ,2 8 8 .
l l ^  *  ~m^© = -
Sum  ar -
k iY  »  +
Sum = -
■7 0 5 .6 3 9 .5 5 5 .2 8 8 . 
■ 1 ,7 8 5 ,1 0 3 ,0 8 0 .
-  3 8 5 .2 9 3 ,4 4 9 ,9
C a l c u l a t i o n  o f  *4B w 
Top l i n e  
ton
n l  6  
Sum
ral  0  
Sura
1 4 ,6 2 2 ,2 5 6 ,7 9 7 .  
= -  6 * 7 3 6 ,6 6 0 ,4 5 4 .1 0 3 , 
« -  6 ,7 5 1 ,2 8 2 ,7 1 2 ,9 0 0 .  
= + 9 ,2 0 4 ,5 1 8 ,3 5 7 ,3 1 0 . 
.  + 2 ,4 5 3 ,0 3 5 ,6 4 4 ,4 1 0 .
B o t to m  l i n e  same a s  " A "
-  1 ,3 7 4 .1 7 0 ,3
C a l c u l a t i o n  o f  **0"
Top L in e
l x <p =  -  1 ,1 8 2 ,1 8 1 ,4 1 6 ,3 6 8 ,0 0 0 .  
n-, © » -  9 5 1 .5 6 4 .4 9 4  . 5 9 1 .1 2 6 .
Sum -  -  2 ,1 3 3 ,7 4 5 ,9 1 0 ,7 6 0 ,1 2 6 .  
—k .  0 s  + 2 .3 5 1 ,5 5 0 .7 6 3 .4 3 5 ,0 0 0 . 
Sum = + 2 1 7 ,6 0 4 ,8 5 2 ,6 7 4 ,6 7 4 .
B o t to m  l i n e  same a s  " A "
0 _ _  + 8 1 7 .6 0 4 .8 5 2 .6 7 4 .8 7 4 .
1 ,7 8 5 ,1 0 3 ,0 8 0 .
« + 1 2 1 ,9 0 0 .4 4 1
2 „  . . 2 
a  + 2ab+b C S  a l
2-
a  -  b  = /  A a -4 C >  y i5 6 , 2 5 7 .  -  4 8 7 ,6 0 0
*  3 3 1 ,3 4 3 .
S in c e  t h i s  in v o lv e s  th e  d e t e r m in a t io n  
o f  th e  sq u a re  r o o t  o f  a  n e g a t i v e  
num ber , no  s o l u t i o n  i s  o b t a in a b le  
b y  t h i s  m ethod.
1 8 0
( 2 )  C o m p a r is o n  o f  V a r i o u s  D ru d e  E q u a t io n s
( c a l c u l a t e d  p a r t l y  fro m  a b s o r p t io n  b a n d s )
No. o f  ! l *  
te rm s
3 2 A coo 2 ”  "
W a v e le n g th  
o f  a b s o r p t  _  
- i o n  b a n d s  
u s e d  Ca.u.)
* 1 0 9
\
3 8 30
( 3 o o
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1 s o o .
...
■
X
o b s .
C X  ( M  
o b s .  c a l c
D i f f iPCjf
c a l c
D i f f L < I
c a l c
D i f f c x i
c a l c
D i f f
■' -  -  — * ..............
6708 1 8 .5  1 8 .5 - 0 . 0 1 8 .4 - 0 . 1 1 8 .3 - 0 . 2 1 7 .8 - 0 . 7
6438 20.2 2 0 . 1 - 0 . 1 2 0 .1 - 0 . 1 2 0 .0 - 0 . 2 1 9 .9 - 0 . 3
6104 2 2 .9  2 2 .4 - 0 . 5 2 2 .4 - 0 . 5 2 2 .3 - 0 . 6 2 2 .2 - 0 . 7
5893 2 4 .9  2 4 .1 - 0 . 8 2 4 .1 - 0 . 8 2 4 .0 - 0 . 9 2 4 .0 - 0 . 9
5780 2 5 .5  2 5 .1 - 0 . 4 2 5 .1 - 0 . 4 2 5 .0 - 0 . 5 2 5 .0 - 0 . 5
5461 2 8 .2  2 8 .3 + 0 .1 2 8 .2 0 .0 2 8 .2 0 .0 2 8 .2 0 .0
5086 3 2 .9  3 2 .8 - 0 . 1 3 2 .7 - 0 . 2 3 2 .8 - 0 . 1 3 1 .3 - 1 . 6
4 80 0 3 7 .2  3 7 .0 - 0 . 2 3 6 .9 - 0 . 3 3 7 .1 - 0 . 1 3 5 .4 - 1 . 8
4678 3 8 .6  3 9 .2 +0 . 6 3 9 .0 + 0 .4 3 9 .3 + 0 .7 3 9 .5 + 0 .9
4358 4 5 .6  4 5 .3 - 0 . 3 4 5 .2 - 0 . 4 4 5 .7 ♦  0 .1 4 6 .0 + 0 .4
4346 4 6 .8  4 5 .6 - 1 . 2 — 4 5 .9 - 0 . 9 4 6 .3 - 0 . 6
4088 5 2 .3  5 2 .1 - 0 . 2 5 2 .1 - 0 . 2 5 2 .5 4 0 .2 5 2 .9 + 0 .6
3873 5 7 .7  5 8 .3 + 0 .6 5 7 .8 + 0 .1 6 9 .0 + 1 .3 5 9 .8 + 2 .1
3603 6 8 .2  6 6 .2 0.0 6 8 .2 0.0 6 9 .3 + 1 .1 6 9 .9 + 1 .7
3485 7 3 .7  7 3 .4 - 0 . 3 7 3 .7 0.0 7 4 .6 + 0 .9 7 5 .2 + 1 .5
3394 7 8 .9  7 7 .8 - 1 . 1 7 8 .2 - 0 . 7 7 9 .0 + 0 .1 7 9 .5 + 0 .6
3292 8 4 .4  8 3 .2 - 1 . 2 8 4 .4 0.0 8 4 .4 0,0 8 4 .4 0.0
3180 8 9 .7  8 7 .9 - 1 . 8 9 3 .0 + 3 .4 9 0 .7 + 1 .0 8 9 .6 - 0 . 1
O th e r  Tw o-Term  E q u a t io n s
W a v e le n g th s  
o f  a b s o r p t  
i o n  b a n d s  
u s e d  ( ft-u.)
CO
3 1 0 0  
2 2  5 0
w
1 1 5 0
I 8 0 0 i 9oo
N o x u X
— ------
tpq O X
o b s . o b s , c a l c . D i f f . c a l c . D i f f . C a lc . D i f f .
1 8 .5 l 7 . § - 6 . 6 I S .  3 - 0 . 2 1 8 .1 - 0 . 4
5461 2 8 .2 2 8 .2 - 0 .0 2 8 .2 0 .0 2 8 .2 0 .0  I
4358 4 5 .6 4 7 .7 + 2 .1 4 6 .9 + 0 .3 4 6 .5 + 0 .9
3603 6 8 .2 7 3 .5 + 5 .3 6 9 .6 + 1 .4 7 1 .3 +3. 1 j
3292 8 4 .4 8 4 .4 0 .0 8 4 .4 0 .0 8 4 .4 0 .0
3180 8 9 .7 8 4 .3 - 5 . 4 9 4 .4 + 4 .7 8 7 .0 * 2 . 7
3000 — 5 5 .5 9 9 .7 — 7 3 .4 •
2900 - i - 1 6 . 3 - 9 6 .0 - - 2 . 6
4 From  th e  d i s p e r s i o n  c u rv e  a lo n e
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The constants of the equations compared on page 120 are:-
Tw o-Term  ( a )  [on &  Q. 1095 -  8 .0 7 3
0 .0 8 0 1  V -  0 .0 1 6 9
(b )  = 0 .2 6 9 7  -  6 .1 4 9
0 .0 6 0 1  0 .0 2 2 5
T h ree ^ T e rm
= - 1 .5 5 4 .8 7 4  +  2 .0 4 7 .9 2 4  8 .7 7 2 .5 3 8
» - 0 . 0795 N '- 0 . 0729 v - 0 . 0169
G ly c id e  P h e n y l E t h e r  i n  E t h e r e a l  S o l u t i o n
I t  w as fo u n d  im p o s s ib le  t o  o b t a in  a tw o -te rm  e q u a t io n  w h ic h  
w o u ld  g i v e  a  s a t i s f a c t o r y  r e p r e s e n t a t io n  o f  th e  r o t a t o r y  
d i s p e r s i o n ,  b u t t ­
l e  ■  “ 4 0 .1 2 2 .9 3 6  + 5 0 .9 0 1 .5 5 7  -  14 .4 8 2 .8 3 9  
X ^ -0 .0795 A^ —0 . 729 A '- O . 0169
g i v e s  th e
\ s*-
6438 7.2°
_  _  Q
7 .2 0 .0
5461 9 .6 9 .1 - 0 . 5
4358 1 2 .2 1 2 .2 0 .0
3998 1 3 .0 1 5 .3 + 2 .3
3983 1 4 .5 1 5 .5 + 1 .0
3937 1 6 .0 1 6 .3 +0. 3
3907 1 7 .4 1 6 .9 - 0 . 5
3843 1 9 .0 1 8 .0 - 1 . 0
3813 2 3 .3 1 9 .5 - 3 . 8
3756 2 4 .6 2 1 .6 - 3 . 2
3690 3 0 .6 8 4 .9 - 5 . 7
3545 3 8 .0 3 8 .0 0 .0
The d i f f e r e n c e s  a r e  r e l a t i v e l y  l a r g e ,  b u t  a n  e x a m in a t io n  o f  
G ra p h  17 w i l l  show  t h a t ,  o w in g  to  th e  sh a p e  o f  th e  c u r v e ,  
th e y  a re  o f  th e  o r d e r  o f  th e  e x p e r im e n t a l  e r r o r  ( s i n c e  t h i s  
o c c u r s  i n  th e  e s t i m a t io n  o f  th e  w a v e le n g th  r a t h e r  th a n  th e  
r o t a t i o n . )
1 2 2
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13. P i c k a r d  a n d  K e n y o n , J .  1 9 1 1 , 99 , ~45.
14. L o w ry ,  O p t i c a l  R o t a t o r y  P ow er, Lon gm an s 1935.
15. P a s t e u r ,  A le m b ic  C lu b  R e p r i n t s ,  1 4 ,  p . 22.
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18. P e r k in ,  Pope an d  W a l la c h ,  J . 1 9 09 , 9 5 , 1789.
19 . M a i t l a n d  an d  M i l l s ,  J .  19 3 6 , 9 8 7 -9 9 8 .
20. K o h le r  an d  W h it c h e r ,  J . A . C . S .  1 9 40 , 6 2 , 1489.
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34. W a ld e n , Z . ph . C . 1 8 9 5 , 1 7 , 245.
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56. Kuhn  a n d  B i l l e r ,  Z. P h y s ik .  Chem. 1 9 3 5 , B 2 9 , 256.
57. H u d so n , L ow ry  an d  W o lfro m , J .  19 3 3 , 1179.
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C .R .  *  C om pte s r e n d u s  de l 'A c a d e m ie  d e s  S c ie n c e s .
J .  = J o u r n a l  ( o r  T r a n s a c t i o n s )  o f  th e  C h e m ic a l S o c ie t y .
J . A . C . S .  *  J o u r n a l  o f  th e  A m e r ic a n  C h e m ic a l S o c ie t y .
J . O .P .  *  J o u r n a l  o f  C h e m ic a l P h y s i c s .
P . R . S .  = P r o c e e d in g s  o f  th e  R o y a l  S o c ie t y .
T .F .  S .  = T r a n s a c t i o n s  o f  th e  F a r a d a y  S o c ie t y .
Z .p h .C .  *  Z e i t s c h r i f t  f d r  p h y s i k a l i s c h e  Chem ie.
A n n .R e p . *  A n n u a l R e p o r t s  o f  th e  C h e m ic a l S o c ie t y .
A c k n o w le  dgem ent s
The w ork  d e s c r ib e d  i n  t h i s  t h e s i s  w as c a r r i e d  o u t  b y  th e  
a u t h o r  a t  B a t t e r s e a  P o ly t e c h n i c  u n d e r  th e  d i r e c t i o n  o f  
D r .  J .K e n y o n  H . R . S . .  The a u t h o r  w o u ld  l i k e  t o  th a n k  
D r .  K en yon  f o r  h i s  k in d n e s s  a n d  a d v ic e .  D r .  M . P . B a l f e  f o r  
h i s  h e l p f u l  c r i t i c i s m  an d  s u g g e s t i o n s ,  an d  D r .  G .H .B e a v e n  
f o r  th e  d e t e r m in a t io n  o f  th e  u l t r a - v i o l e t  a b s o r p t io n  p p e c tru m  
o f  g l y c i d e  p h e n y l  e t h e r .  T h a n k s  a re  a l s o  due to  P r o f e s s o r  
R . G . W . N o r r i s h  F . R . S .  f o r  p e r m is s io n  to  u s e  th e  u l t r a - v i o l e t  
p o la r im e t e r ;  t o  D r .  D e l i a  I I . S im p s o n  f o r  a d v ic e  on  th e  
i n t e r p r e t a t i o n  o f  th e  p h o t o g r a p h s ;  an d  to  M r H .G o d b y  f o r  
d r a w in g  th e  g r a p h s .
M L . to The References
GRAPHS L
--------- -


T

\ 
A 
*10
j
\ 
A
. 
* 
l
o
‘
t-
} 
G
L
Y
C
ID
E
. 
P
H
E
N
V
L
. 
E
T
H
E
R
 
IN 
-n
- 
B
U
TY
L 
E
T
H
E
R
.
\ 
A 
x 
10
G R A P H  8

G R A P H  1 0 .   '
A R M S T R O N G  St W A L K E R  D IA G R A M
F O R  S O L U T IO N S  O F  ( , - )  /3 .C H L O R  . p .  P H E N O X V  IS P F R o P T IL
H Y D R O G E N  p h t h a l a t e
2  4 - 6  &  i o  a  1 4  1 6  18
< 3 R A P r t .  u .
P A T T E R S O N  D IA G R A M  F O R  
L -7  li.C H L D G . p .P H E N O X y  IS 0 P (2 0 < = V U  H Y P « O a £ N  P H TH A L A T E .
homogeneous
T
9
C
o -  I,c-?5«C. &UTYU PH£N>1_ £TW£* Ckomo
0009 
6 
8 
2 
9 
ooss 
b 
£
1
1
 
o00S 
6
9
2
*
)
 
oqst*
■.o
' x 
V 
V
z
0
F
D
J
0
<*
ta
x
ti
i
X
w
tr  z
<  i  
m h  
<3 Ul
J
>
f t t
ui
{
Ui
Q
I
rt
: J#
)
* 2  
*
* <  
f t
k
i— j


